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A FINAL WORD ON CONVENTION PAPERS 


To judge by the response at press time, competition for the pre- 
sentation of technical papers at the Eleventh Annual Convention 
will be terrific. Already more than fifty titles and abstracts have 
been submitted. 


More papers of the same high quality are sought. 


The Society offers free preprint service to authors of acceptable 
convention papers who observe these conditions: 


1. Papers—Submit the original and two carbon copies, typed 
double-space on good white paper. 


2. Drawings—Submit the original and two sharp reproductions 
of each. 


3. Photographs—Submit three high-contrast prints, 8” x 10” 
glossy. 


4. Deadline—All the above material must be in the hands of 
the Secretary for review not later than September 7, 1959. 


MAILING ADDRESS 


Secretary, Audio Engineering Society 
P. O. Box 12, Old Chelsea Station 
New York 11, New York 
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JOURNAL OF THE AUDIO ENGINEERING SOCIETY 


JULY 1959, VOLUME 7, NUMBER 3 


Corner Speaker Placement” 


Pau. W. Kuipscu 
Klipsch and Associates, Hope, Arkansas 


That superior sound quality is afforded by corner speaker placement has been recognized for 
more than thirty years. Measurements and listening tests were conducted with both monophonic 
and stereophonic reproducing equipment to compare the performance of speakers designed for use 
away from a corner and for corner installation. Measurable and audible advantages accrue with 
corner placement of either speaker, with the greater improvement being shown by a speaker of 
proper design. The advantages are more easily observed for stereophonic than for monophonic 


reproduction. 


PART ONE: 
MONOPHONIC SOUND REPRODUCTION 


Introduction 


HE ORIGIN of the idea that there is an advantage to 

corner speaker placement may be as old as loudspeak- 

ers themselves. At any rate, patents on corner speakers 
date back to 1925. 

In the following investigation, a non-corner speaker with 
6.7 cubic feet enclosure was tested out of and in a corner. 
With corner placement the bass response was improved more 
than 20 db. Listening tests confirmed the evidence of the 
measurement and indicated a further improvement when a 
speaker designed for corner installation was observed. 

The reasons for improved sound quality are obvious: the 
smaller treble radiation angle required to cover a room area 
is one; the mirror image effect of the walls, increasing the 
radiation resistance, is another; a third is the fact that most 
well designed speakers offer a 90-degree radiation angle, and 
only from a corner can this radiation cover the entire room. 

No information has been discovered giving the quantita- 
tive advantages of corner placement. 


Experiment 


An experiment was set up using a 6.7 cubic foot box with 
a 3-way drive system including a heavy-magnet 15-inch 
woofer motor. This unit will be referred to simply as “the 
box.” 

This box was placed on an open legged bench about 14 
inches high and about 4 feet from each wall at a corner. 
The drive unit was about 4 feet from the floor. This was 
to deny benefit of wall and floor reflections. Two micro- 


* Received April 24, 1958. Revised copy received July 18 and 
September 17, 1958. 

1M. Weil, U. S. Patent 1,820,996 issued 1931, filed 1925; and 
Sandeman, U. S. Patent 1,984,550 issued 1934, filed 1931. 


phones were set up, one in the center of the room, and the 
other in the middle of the half of the room where the speaker 
was located. See Fig. 1. 


A response pressure curve was run and plotted as Curve 1 
in Fig. 2. Peaks and dips were sought, and no attempt to 
smooth by moving the microphones was attempted. The 
two microphones were averaged by rectifying and then add- 
ing. Indicated sound was held constant by varying speaker 
input, the input level being read off a calibrated potential 
divider between the oscillator and amplifier. 


Oscillographic examination of the output of each micro- 
phone before rectification was used to detect harmonic dis- 
tortion. 

The microphones were calibrated by pistonphone and were 
down 0.5 db at 30 c relative to 300. 

A considerable peak-to-trough ratio is normally to be 
expected from this sort of measurement. Some troughs in 
the response curve could have been raised by moving one or 
both microphones. The standing wave pattern was ignored, 
however, for the concern is with the relative performance of 
a given speaker in a given room, the independent variable 
being the location in the room. Outdoor response curves 
are more valuable for determining intrinsic speaker per- 
formance; here the problem is to evaluate the advantages 
of different locations of a given speaker. 

The speaker was then set on the floor over the same spot 
in the recom. The microphones were not moved. The pres- 
sure response is Curve 2 of Fig. 2. 

Finally the speaker was moved into the corner and the 
response is Curve 3 of Fig. 2. 

For the purpose of these tests, various microphone place- 
ments were contemplated. Experience indicated that the 
extreme bass range could be favored by microphone place- 
ment in a far corner or in close proximity to the speaker. 
Several microphone locations were tried with the oscillator 
swept quickly through the pertinent spectrum, and the two- 
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microphone placement chosen was the one giving the lowest 
peak-to-trough ratio for all three speaker locations. 

Movement of the speaker from one test to another was 
only about 5 feet, or 44 wavelength at 50 c, not enough to 
affect the measurements materially—say more than 3 or 4 
db. The closer speaker-to-microphone spacing of Locations 
1 and 2 would favor the bass for these locations, compared 
to Location 3. The listening tests qualitatively corroborated 
the measurements, the differences being gross enough to 
discern without the refinement of an “A-B test.” 

Taking the speaker down off its perch improved the re- 
sponse at 50 c more than 20 db. On legs, the speaker cut- 
off should be considered to be 65 c. On the floor the re- 
sponse at 50 c is 10 db down from its peak at 65 c. 

In the corner, however, the useful range extends to 38 c. 
The improvement in response at 40 c is 9 db, which repre- 
sents an 8-fold increase in efficiency. 

In each step toward better placement, the peak-to-trough 
ratio in the usable spectrum was reduced, and the distortion 
was reduced by a large amount. 

While the major aspect may be thought to be the im- 
proved and extended bass, the reduced distortion is far more 
important. Less noticeable on the curves is the reduced 
peak-to-trough ratio (the lowered effect of standing waves 
in the room) but this effect is actually of considerable im- 
portance. More about this will be given in the section 
Listening Tests. 

All these benefits are achieved for a non-corner-type 
speaker merely by placing the speaker in a corner, in spite 
of the fact that the speaker was deliberately chosen as a 
non-corner type. 
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Fic. 1, Plan view of speaker and microphone location in tests. 
Speaker location 1, as shown, was on a 14-in. high bench to deny 
benefit of the mirror image formed by the floor. Speaker location 
2 was at the same plan location but on the floor to couple the ac- 
tual speaker with its mirror image. Location 3 was on the floor in 
the corner to couple the actual speaker to all its mirror images. 

Microphones were 64% feet apart, located as shown; their out- 
puts were rectified and then added to produce an averaging effect 
and to reduce standing wave effects. 

Distortion, indicated by the cathode ray scope, was large below 
70 e for the conditions of Curve 1, considerably below 60 e¢ for con- 
ditions of Curve 2, and slightly below 35 ¢ for conditions of Curve 
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Microphones 
a a 


Location 3 


Speaker Locations 1 and 2 ———» °? 


Fig. 2. Response Curves 1, 2 and 3 correspond to the speaker lo- 
cations 1, 2 and 3 in Fig. 1. 


The advantages of corner placement are: 


reduced distortion due to better loading; 

increased bass range for a given size of speaker system; 
increased bass range for a given size of room, or in- 
creased effective size of the room;* 

smoother response—less peaking in the second octave. 


In addition to benefits in the bass range, other benefits 
derive from corner placement: 


the available radiation angle of high-frequency system 
covers the whole room area (most speakers of good 
quality offer a 90-degree radiation angle) ; 


better ratio of direct to reverberant sound; longer 
travel of a wave before it strikes a reflecting surface ;* 
better appearance due to smaller size for a stated per- 
formance. 


The above observations are applicable both to monophonic 
and stereophonic reproduction. 

All these advantages appear as a result of corner place- 
ment of any speaker, but of course a maximization of all 
the advantages is obtained by using a speaker type designed 
for corner operation. 


Listening Tests 


The curves and objective data ignore frequencies above 
200 c, which are not particularly affected by corner place- 
ment except as it affects room coverage with a given radia- 
tion angle. 

For a listening test, however, the middle and upper ranges 
are all important, so a three-way drive system was used. 

The box was subjected to a listening test in the various 
locations. An A-B test was not necessary to reveal the 
superiority of the floor location compared to the location on 
legs. Moving from floor to corner afforded as great a listen- 


2 Paul W. Klipsch, “Room Dimensions for Optimum Listening and 
the Half-Room Principle,” Trans. IRE, PGA, AU-6, 1 (January- 
February, 1958). 

3 Ibid. 
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ing difference as did moving from bench to floor, especially 
where heavy bass comprised a considerable part of the pro- 
gram material. 


Finally a comparison was made between the box and a 
corner-horn back-loading system of the same front panel 
size, the same drive system, and some 22 per cent less 
occupied space.* 

The advantage of the unit designed for corner application 
was immediately evident. The improvement in bass over 
that reproduced by the box was almost as great as the im- 
provement afforded by moving the box from the floor to the 
corner. 


Conclusion 


These experiments should illustrate the fact that good 
acoustical design takes maximum advantage of the mirror 
images produced by the floor and walls, and that the maxi- 
mum benefits are derived when the mirror surfaces are 
proximate to the prime source. This excludes styling which 
involves legs or risers which separate a speaker’s radiating 
area by even as little as half a foot from the floor; it dic- 
tates structure which places the radiation surfaces as close 
to the walls and floor as possible. 


PART TWO: 
STEREOPHONIC SOUND REPRODUCTION 


Introduction 


SERIES of experiments was undertaken to determine 
preferred speaker separation for two-channel stereo- 
phonic sound reproduction. 

First an outdoor experiment discloses that an angle as 
small as 9 degrees suffices to make the stereo effect dis- 
cernible, and desirable angles are of the order of 30 to 40 
degrees for most observers. 

Indoors, the angles must increase to nearly 30 degrees 
to afford a detectable stereo effect, and to 50 degrees or more 
to be desirable. 

A narrow margin of listener preference was found for 
wide speaker spacing compared to narrow spacing in two- 
channel arrays. A preponderance of preference was shown 
for corner placement. Three-channel stereo with wide 
spacing was preferred over all other arrays tried. 


Experiment One 


In an outdoor environment, what minimum stereo angle 
is required that the stereo effect be observed, and what is 
the preferred angle? 


Two small speakers were placed 8 feet apart against a 


4 While the box had a volume of 6.7 cubic feet (about 7.0 cubic 
feet outside), its chargeable space included 3 cubic feet of unused 
space behind it. Thus the total space taken up in the corner was 
approximately 10 cubic feet. The corner horn used for comparison 
requires only 7.8 cubic feet of space. 


PAUL W. KLIPSCH 


wall, about 2 feet above the ground, outdoors.® Program 
material was a high quality recording of a symphonic band. 
Observers were asked to explore the median line between 
speakers, and indicate: (1) the preferred distance from the 
speakers, and (2) the maximum distance at which they 
could detect the stereo effect. 

Experience indoors indicated an a priori estimate that the 
minimum stereo angle would be about 25 or 30 degrees. 
The following results were observed: 


Preferred Angle Minimum Angle 


(in degrees) (in degrees) 
Max. 70 16 
5 Men Aver. 45 13 
Min. 28 11 
Max. 33 14 
3 Women Aver. 26 12 
Min. 19 9 
Average, Men and Women 37 12 


The average minimum angle was 12 degrees instead of 
the expected 25 degrees or more. A more detailed experi- 
ment might well bring this angle considerably below 12 
degrees. Note, however, this is outdoors and the same ex- 
periment conducted indoors produced data which put the 
minimum angle much larger. This is as would be expected; 
room reverberation masked the direct sound and a listener 
had to subtend a larger angle to detect the stereo effect. 
Another factor involved was that the ambient noise level 
was extremely low compared to an average city dwelling. 

But the results remain: preferred listening subtended 
angle, 37 degrees; minimum 12 degrees, for outdoor stereo 
(average figures). 


Experiment Two 


Indoors, what are the preferred and minimum angles? 

In a room 16 by 25 feet, one pair of speakers was set up 
7 feet apart, and another identical pair at about 14 feet. 

The array was disposed along the wall at one end of the 
room. The row of speakers was about 2 feet from the 16- 
foot wall and the end speakers were about 1 foot from the 
long walls. The spacing from the walls was to avoid any 
benefit from the improved bass range due to corner effects. 
It was desired to find the preference for the narrow or the 
wide spacing, not whether the improved bass range afforded 
by the corner would induce a preference. 

The inside pair was fed from one stereo-pair of amplifiers, 
the outside pair from another stereo-pair of amplifiers, and 
the volumes were carefully adjusted to be the same. Switch- 
ing was between the tape preamplifiers and the stereo-pair 
of power amplifiers. 


5 Small for portability, and to determine various configurations. 
Speakers were 3-way with the “K-ORTHO-12-A” drive system, with 
a peak-to-trough ratio less than 10 db from 150 to 21,000 c. Mid- 
range and tweeter were of the horn-loaded type to minimize dis- 
tortion. 
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The listener was first seated at a distance of 15 feet on 
a median line between the speakers, and asked to indicate 
a preference. 


The results: 

Preference for narrow spacing 1 
Indecisive, but generally favoring narrow 
spacing 2 
Indecisive, but generally favoring wide spacing 3 
Preferred wide spacing 1 
Changed opinion from preference of narrow 

to preference of wide spacing 1 


This is almost a standoff. Note the subtended angles here 
are 50 degrees and 27 degrees for the wide and narrow 
spacings. 

The angular values found are consistent with those which 
a concert listener would observe in, say, the 5th to the 10th 
row; the orchestra might be spread out 45 feet (typically) 
and the observer would sit in a distance range of 20 feet 
(front row), 45 feet (more or less ideal) and 90 feet in the 
back of the balcony. A larger auditorium would be likely 
to have a wider stage. Expressed in degrees, the optimum 
listening stereo angle in the auditorium would range from 
over 90 degrees down to perhaps 45 degrees depending on 
the preference for front row or far balcony. 

Next with the same speaker configuration, the observers 
were asked to “explore” the end of the room away from the 
speakers (about 22 feet) and indicate if they could detect 
the stereo effect. 

Only one observer could detect the stereo effect at a dis- 
tance of 24 feet with the 7-foot spacing, but all could with 
14-foot spacing. 


Experiment Three 


What is the effect of using one speaker in the corner? 

The widely spaced experiment was repeated with one 
change: one small speaker was removed and a large full- 
bass-range corner horn speaker substituted. The spacing 
increased to 15 feet, but the stereo geometry seemed to con- 
dense in that the angle seemed to become less rather than 
greater, yet the stereo effect was still discernible at the far 
end of the room. Also the “two-peephole effect” of the 
array using small speakers was brought to attention by its 
disappearance when using a large corner speaker. The 
placement in the corner seems to aid in completing a curtain 
of sound. This is believed to be due to the simpler mirror 
image system pertaining to the corner type speaker. 

Most narrow-spaced stereo systems are also narrow band, 
in that the speakers are too small to exhibit an extended 
bass response. With an added bass range plus the added 
reverberation due to such added bass, it is a considered 
opinion that a wider speaker spacing would be highly de- 
sirable if not absolutely necessary. The larger effective 
radiating surface of the full-range corner speaker more 
nearly simulates the original sound spatially as well as 
tonally and therefore approaches a stereophonic effect. The 
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smaller point source speakers tend to focus the sound into 
two discrete points; large corner speakers offer a closer 
approach to a curtain of sound, while still focusing indi- 
vidual entities in the mass of original sound. 


Experiment Four 


For non-corner speakers, is the long or short wall of an 
oblong room preferred? 

A near-corner array on the short wall of the room (the 
14-foot spacing of Experiment 2) was compared with a 
similar array on the long wall of the room, with about 24- 
foot spacing. Again the small speakers were employed. 
The preference for the 14-foot spacing on the short wall of 
the room ranged from mild to positive with only a couple 
of observers favoring the long wall placement. 

This would appear to temper my earlier conclusions.® 
The fact that on some types of music some listeners per- 
ce‘ve an impression of a “hole in the middle” is not to be 
overlooked. The “hole in the middle” effect is less likely to 
be noticed when the speakers are placed in the corners at 
the narrow end of the room.? 


Experiment Five 


This is not a formal experiment set up in a laboratory, 
but is a collection of this writer’s observations made over 
the period since the fall of 1956 when the idea was evolved 
of three-channel stereo derived from two-track source mate- 
rial.* 

A very informal comparison was made between two- 
channel stereo using two corner speakers on the 16-foot 
wall, and three-channel using two corner speakers on the 
25-foot wall plus a third speaker in the middle of the 25- 
foot wall. 


A great many demonstrations were made in which the 
middle speaker could be readily cut in and out of circuit. 
Here the preference was overwhelmingly for the three- 
channel with the long-wall spacing. 

One situation with two-channel stereo on wide corner 


6 Paul W. Klipsch, “Experiences in Stereophony,” Audio, 39, 16 
(1955); and 

Paul W. Plipsch, “Making Stereophonic Tapes,” Hi-Fi Music at 
Home, 2, 54 (1955). 

7A configuration suggested in the sheet accompanying RCA-Victor 
stereo tapes. 

8 Paul W. Klipsch, “Stereophonic Sound with Two Tracks, Three 
Channels by Means of a Phantom Circuit,” J. Audio Eng. Soc., 6, 
118 (1958). 

Also popular digests by the same author: “Two-Track, Three- 
Channel Stereo,” Audiocraft, 2, 26 (1957); and “Phantom Channel,” 
Audiocraft, 3, 37 (1958). 

Note that this does not require three sound tracks, but recovers a 
third channel from two sound tracks. This depends on the fact that 
if two microphones are properly spaced relative to each other and to 
the plane of the sound source, their combined output is that of a 
third microphone in the middle. This middle microphone—the micro- 
phone that wasn’t there—can be recovered and reproduced by com- 
bination of the two accessible sound tracks. All stereo recordings so 
far played over this writer’s two-track three-channel system have 
displayed the focusing effect of the derived center channel. 


Continued on page 114 
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Recent Cone Speaker Developments” 
W. T. Frarat 


Altec Lansing Corporation, Anaheim, California 


JULY 1959, VOLUME 7, NUMBER 3 


This paper discusses the factors governing the low-frequency response and distortion of cone 
speakers. Laboratory techniques for the evaluation of cone compliances are described. A cone 
speaker design using a new linear compliance is discussed in detail, and acoustic measurements on 


this speaker are presented. 


MATHEMATICAL CONSIDERATIONS 


ODAY’S high quality program material available from 

records, tapes, and FM radio stations has sped up the 
development of wide-range commercial speaker systems 
which become comparable in quality with early non- 
commercial designs, such as the well known Fletcher System 
developed at Bell Telephone Laboratories around 1934. 
This paper discusses the problems of the reproduction of 
low frequencies with cone speakers. 

The performance of a cone speaker at low frequencies 
can be described accurately by comparatively simple mathe- 
matical formulas. Fig. 1 shows the equivalent electrical 
circuit of a cone speaker mounted in an infinite baffle 
driven from an amplifier with open circuit voltage e and 
source impedance R,. All elements have been transformed 


into the mechanical side of the speaker. In this diagram 
2 


the 


. is the transformed open circuit voltage, 
E E 
transformed resistive components of the electrical side, con- 
sisting of the source impedance R, and the voice coil re- 
sistance Rye. For this low-frequency investigation the in- 
ductive component of the voice coil impedance can be 
neglected. The rest of the circuit consists of the mechanical 
and acoustical elements of the cone speaker. Ry represents 
the mechanical losses; L-, the total moving mass of the 
speaker; C, the total compliance of the suspension system; 
L,, the radiation mass; R,, the radiation resistance. In the 
frequency range to be discussed L, can be assumed to be 
constant and R, will increase with the square of the fre- 
quency. B is the flux density and / the length of the voice 
coil conductor in the magnetic field. 

At resonance frequency this circuit can be simplified as 
shown in Fig. 2a. At resonance the reactive components 
cancel each other. It is assumed that the mechanical losses 
are small compared with the damping provided by the voice 


* Presented February 19, 1959 at the Sixth Annual Western Con- 
vention of the Audio Engineering Society, Los Angeles. 
t Chief Engineer. 
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coil source circuit. To obtain simple expression for the 
power radiated, which in the equivalent circuit would be the 
power delivered into the radiation resistance Kw, it is fur- 


ther assumed that the radiation resistance is small compared 


or 


=f[= 


with > Eq. (1), in Fig. 2a, shows the expression for 


E 
the radiated power. At the first glance this formula looks 
rather surprising, as it indicates that the radiated power 
increases as Bl decreases. This relation exists, however, 
only as long as the assumptions made to derive this simple 
formula are valid. These assumptions 


( i i 2 
R, Ru, R, >> Ke: ) 
were that at resonance the damping is mainly electrical, be- 
cause of high B/, low voice coil losses, and small source 
resistance of the amplifier. Most of today’s woofers, except 
a few types with extremely low efficiency, will meet this 
condition. 

At mid-frequencies the circuit can be simplified as shown 
in Fig. 2b. The controlling element is the total mass, L, of 
the system consisting of the speaker mass and the radiation 
mass. It should be remembered in this connection that a 
flat response is obtained from a piston in an infinite baffle 
over the frequency range where the piston dimensions are 
small compared with wave length, provided the movement 
of the piston is mass controlled. Mass control means that 
velocity decreases linearly with increasing frequency, there- 
by compensating for the radiation resistance, which increases 
with the square of the frequency. For the sake of simple 
end results, it is again assumed that the radiation resistance 
is small compared with the reactive mass component. Eq. 
(2) shows the acoustic power radiated under these assump- 
tions. It should be noted that this expression does not con- 
tain the frequency, indicating flat response in this range. 
The prescriptions for high efficiency at mid-frequencies, as 
indicated by Eq. (2) are high B/ (large magnet), small Ry 
(low voice coil losses), and small moving mass. The first 
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INFINITE BAFFLE 


Re 
Rvc VOICE COIL RESISTANCE 
Le CONE V.C.MASS 

C TOTAL COMPLIANCE 
La RADIATION MASS 

Ra RADIATION RESISTANCE 


B FLUX DENSITY Re = Ro +#Rvyc 


& LENGTH OF CONDUCTOR IN 
MAGNETIC FIELD 
Fig. 1. 


requirement is just opposite the requirements for high effi- 
ciency at resonance, and low voice coil losses maintaining 
high / contradicts the requirement for small moving mass. 
The design problem will be to find the optimum compro- 
mise. 

Eq. 3 in Fig. 2 shows the ratio of radiated power at 
resonance frequency to radiated power at mid-frequencies. 
This ratio depends, in first approximation, on the Q of the 
system. To obtain a flat response down to the resonance 
frequency a Q of 1 would be required. This means, how- 
ever, that the system will be less than critically damped and 
will therefore have oscillatory transient distortion. For a 
critically damped system Q = .5, the response at resonance 
frequency will be 6 db down from the mid-frequency range. 

The above over-simplifications were used in order to ob- 
tain end results which indicate the controlling factors with- 


AT RESONANCE FREQUENCY f,(u,) AT MIDFREQUENCIES f*nf)(wtmp) 


wi > ku* 
L*lLeo¢la 


(1), (2): 


out obscuring details. It can be shown by rigorous analysis 
that the relations indicated by above equations are correct 
(e.g., Leo L. Beranek, Acoustics, McGraw-Hill Book Com- 
pany, Inc.). As a further proof, Fig. 3 shows a measurement 
made on a 15-in. woofer mounted in a 10 cubic foot closed 
box. In this instance the resonance frequency is doubled by 
the enclosure. The amplifier source impedance was adjusted 
so that the Q of the system was .5 as indicated by the impe- 
dance curve (lower curve in Fig. 3). The difference in fre- 
quency response between resonance frequency and 150 c is 
indeed very close to 6 db. The further rise of sound pres- 
sure above 150 c is due to the fact that the radiation begins 
to become directive in this range. 


DESIGN REQUIREMENTS 


The theoretical analysis indicates the following require- 

ments for the design of a good low-frequency speaker: 

A. The total moving mass has to be as small as possible 
for high mid-frequency power. Limitations to this 
requirement are the stability of the cone and the re- 
quirements for a low resonant frequency, which, with 
a very small mass, would result in a too soft and un- 
stable suspension system. A practical minimum mass 
for a 15-in. woofer is approximately 20 g, which per- 
mits a resonance frequency of 22 c with sufficiently 
stable suspension system. 
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B. Another requirement for high mid-frequency power is 
that B/ should be large and the losses in the voice coil 
should be small. This calls for heavy magnet and 
voice coil. The choice of the magnet size will be in- 
fluenced by economic factors, and the size of the voice 
coil has to be compromised with the requirement for 
a small total mass and adequate high-frequency re- 
sponse of the speaker. 

. Eq. (3) Fig. 2 indicates that the low-frequency re- 
sponse will depend on the Q of the speaker system. 
If critical damping is chosen (smallest damping for 
non-oscillatory transients) the frequency response will 
be 6 db down at resonance frequency. 

It should be pointed out that the Q defined in Eq. 
(3) is the Q of the whole system, including the source 
resistance. The source resistance required for a cer- 
tain Q will vary between different speakers, depending 
on their efficiency and mechanical-acoustical damping. 
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It should also be noted that with proper control of 
Q by Re good low-frequency response can be obtained 
without the necessity of high mass and low Bi and 
consequently low mid-range efficiency. 

A good cone speaker must not only have flat response 
down to low frequency, but also be able to produce low 
frequency with low distortion. This means that at low 
frequencies the cone has to move with large amplitudes 
proportional to the driving current in the voice coil. This 
can be expressed simply by saying that the whole system 
must be linear. In detail this requires that the voice coil 
stay in a uniform magnetic field for the whole length of 
travel and that the suspension system be linear and sym- 
metric for the maximum amplitude. The first requirement 
must be met since the driving force is generated by the 
interaction of the voice coil current with the magnet field; 
and this force must be proportional to the voice coil current. 
The second requirement can be relaxed if special amplifiers 
with negative impedance are used. 
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The principles underlying the use of negative source im- 
pedance are indicated in Fig. 4. A speaker with the voice 
coil impedance Z,, and the mechanical impedance Zy is 
driven by an amplifier with the open circuit voltage e and 
source impedance Zg. Eq. (1) is the loop equation for the 
system. The open circuit voltage e has to be equal to the 
voltage drop across the source impedance and voice coil 
impedance plus the voltage e,, developed by the movement 
of the voice coil. Eq. (2) and (3) indicate how e,, can be 
expressed in terms of the driving current / and the mechani- 
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cal impedance of the speaker. Substituting Eq. (3) into 
(1) gives an equation between the open circuit voltage and 
the current of the system. The last term in the bracket is 
the magnitude of mechanical impedance as reflected into 
the electrical circuit. Assuming now that the source im- 
pedance is equal to the negative voice coil impedance (Eq. 
5), Eq. (4) reduces to Eq. (6). Combining (6) with Eq. 
(2) we find that the velocity of the system becomes inde- 
pendent of the mechanical impedance Z,,, which means that 
as long as Bi is constant throughout the range of excursion 
the movement of the system will be linear regardless of any 
non-linearity of the mechanical system. This measure, 
however, has some undesirable influences on the frequency 
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sponse of such an amplifier-speaker system will drop 6 db 
per octave with decreasing frequency. An amplifier which 
delivers one watt into the speaker at 320 c would have to 
deliver at 30 c a voltage equivalent to 100 w power delivered 
into the mid-range impedance if it is compensated for this 
dropping frequency response. 

For most practical purposes it therefore appears to be 
more advantageous to develop a speaker with a linear sus- 
pension system than to compensate with negative amplifier 
impedance. This has become even more practical since new 
cone compliances made of phenolic impregnated textiles 
have recently become available. Fig. 6 shows how the 
complete speaker system or any of the suspension compo- 
nents can be evaluated statistically. The displacement is 
measured by optical means. A light source consisting of a 
miniature bulb is projected on a screen, allowing very ac- 
curate displacement measurement. The deflecting force can 
either be weights placed on the cone or, if the whole system 


| 4 


Fig. 7. 


response of the speaker. Fig. 5 shows once more the equiva- 
lent circuit for the speaker-amplifier system. The source 
impedance is now equal and negative to the voice coil im- 
pedance, which means that Rg becomes 0. To see what 
that means we can transform the voltage source into a cur- 
rent source, as indicated in Fig. 5. It becomes quite appar- 
ent now that R» going to 0 means that the circuit is driven 
by a constant current, which in mechanical terms means 
that the cone is moving with constant velocity. Since the 
radiation resistance will decrease with the square of the 
frequency as the frequency is decreasing, the frequency re- 


\ bREWOLIE MaPheonaTED TEXTILE 
WIDE EXCURSION SPIDER 


VOICE COR. SHORTER 
THAN MAGNET FIELD. 


is to be tested, dc current through the voice coil. With this 
set-up it is also possible to measure very accurately the Bi 
product of the speaker. The cone is deflected by means 
of a weight placed upon it, and a current is then fed into 
the voice coil of such a magnitude that the cone is restored 
to its original position. Since the force from the voice coil 
equals the force from the weight, B/ can be computed as in- 
dicated in Fig. 6. Fig. 7 shows a graphical representation of 
measurements made with the described arrangement. The 
displacement of the cone is plotted vs the deflecting force, 
which can either be a weight or the current through the 
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voice coil. As can be seen, the current-displacement func- 
tion is linear over a substantial range. This has been 
achieved by using suspension elements (1 and 2 in Fig. 8) 
which have a linear force displacement function over a 
wide displacement range, by stress-free assembly of those 
elements, and by accurately positioning the voice coil in 
a long magnetic field (3 in Fig. 8). Fig. 9, solid curves, 
shows the distortion of such a speaker in a 10 cubic foot 
closed box at 50 c and 100 c as a function of sound pressure 
level at 3 feet distance, as measured in an anechoic room. 
The graph also indicates the voltages and peak-to-peak 
amplitudes for the various S.P.L. The dashed curves in 
Fig. 9 show how rapidly distortions increase when above 
linearity requirements are not observed. The distortions 
shown by the dashed curves were measured on a speaker 
with a conventional paper compliance of limited linear 
excursion range. No jigs were used to assure stress-free 


W. T. FIALA 


assembly and correct voice coil position, and the voice coil 
had the same length as the magnet field. 


CONCLUSION 


If the requirements for good frequency response and 
linearity are observed it is possible with present day tech- 
nology to build a good 12- or 15-in. woofer with resonance 
frequency around 22 c, good low frequency response, and 
low harmonic and transient distortion, without sacrifice in 
speaker efficiency. A speaker system built with these low- 
frequency components and large enough to take full ad- 
vantage of the low resonance frequency will readily show 
up low-frequency turntable rumble and regulation thumps 
of inadequate compressors in some broadcasting programs. 
These new improved speakers now in turn require higher 
perfection of program sources. 


Continued from page 109 


spacing which is objectionable to some listeners is the re- 
production of a soloist or an intimate group like a string 
quartet. The three-channel stereo restores such a group to 
its intimate dimensions, even with arrays subtending more 
than a 60-degree angle. 


CONCLUSION 


The following advantages of corner speaker placement 
pertain particularly to stereo: 


Better stereo area coverage due to radiation angle being 
fully utilized, 

Better stereo separation and larger stereo area, 

Better focus of all events between flanks; better repro- 
duction of stereo geometry, 

Full vantage of the derived third channel which (prop- 


erly used) offers precise focus and sharp definition of 
all sonic events between extreme flanks. 


All these advantages appear as a result of corner place- 
ment of any speaker, but of course a maximization of all 
the advantages is possible by using a speaker type designed 
for corner operation. 

Genuine stereophonic sound reproduction may be re- 
garded as a close approach to recapturing the original spatial 
effect or “geometry,” just as “high fidelity” aims to recap- 
ture the original tonal effects or “tonality.” These cannot 


be achieved by merely pin-pointing the two halves of a 
musical group. 

The more nearly genuine stereo is a more difficult and 
expensive thing to achieve. The end result should be a 
curtain of sound, not just a couple of peepholes. 

The more sophisticated system will require larger and 
more expensive speakers, and will render a larger part of 
the room available for listening; a given sound will not be 
pin-pointed at the tweeter opening of a particular speaker 
but ideally will appear at some point or space in a curtain 
of sound between the speakers. 

When one graduates to the more sophisticated stereo sys- 
tem, several opportunities open up; corner speaker place- 
ment becomes possible with all the advantages incident 
thereto; the third stereo channel becomes worthwhile. The 
results in listening are: 


(1) a more nearly continuous curtain of sound; 

(2) a larger effective area of sound curtain; 

(3) a more accurate geometric delineation—as an ex- 
treme case, a string quartet will occupy a small cen- 
tral part of the sound curtain even with flanking 
corner speakers 25 to 50 feet apart; 

(4) a simulation of the original sound and environment, 
including the ability of the members of the audience 
to change location over a wide area while the sound 
remains natural both in tonality and geometry. 


|__| Pe 
a 
—— el : 
P| 
— 
| ee 
‘ 
os ee 
3 : 
E 
ae 
om 
me 
4 
vies 
i 
= 
Fs 
MS 


JOURNAL OF THE AUDIO ENGINEERING SOCIETY 


Some Thoughts on Geometric Conditions 
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in the Cutting and Playing of Stereodiscs 


and Their Influence on the Final Sound Picture* 


J. L. Ooms and C. R. Bastiaans 
Acoustical Department of Philips’ Phonographic Industries, Baarn, Netherlands 


The influence of various geometric conditions in the cutting and reproducing process is investi- 
gated. It is found that stylus contour plays no important role. Axis orientation does play a role; 


any deviation herein causes cross modulation, ultimately leading to distortion of the original stereo- 
phonic soundpicture. Slant and rotation of planes of axes may be disregarded since the resultant 
difference angles are small enough to be neglected. Finally, the nature of soundpicture distortion 


caused by such cross modulation is investigated. 


Amplitude distortion leads to angular shift of 


the sound sources (panorama distortion), phase relationship of cross modulation components 


causing increase or decrease in width of the soundpicture (basis-distortion). 


INTRODUCTION AND DEFINITIONS 


E OBSERVATIONS in this report are based on the 

use of the orthogonal method of two-signal modulation 

in one groove. The axes of modulation should be inclined 

45° to the disk surface. It is furthermore always assumed 

that no inherent crosstalk exists in the cutter-head or play- 
back cartridge proper. 

It is defined that: 

a) Out-of-phase movements L and R will result in lateral 

groove modulation. 

b) Lefthand signal information will appear as the inner 

sidewall modulation (— movement L). 

Pictorially, these definitions will be presented as sketched 
in Fig. 1. 

In this report, phase and amplitude relationships are con- 
sidered for mechanical movements, rather than electrical 
signals. It should be pointed out that out-of-phase move- 
ments (lateral or sideways modulation) will in practice be 
caused by electrical signals applied to the cutter head, 
which are by definition in phase. 

Now deviations in symmetry or orthogonal orientation of 
axes will result in crosstalk between channels, ultimately 
leading to angular and width distortion of the reproduced 
stereo soundpicture as compared to the original one. These 
distortions are defined as panorama and basis distortion and 
will be dealt with in Section 4 of this report. 


* Received January 11, 1959. Presented at the Tenth Annual 
Convention of the Audio Engineering Society, New York, September 
- 30, 1958. 
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The deviations in geometric layout which are likely to be 
encountered in practice may be grouped as follows: 
1. Cutting-stylus contour 

1.1 Cutting angle = 90°. 

1.2 Asymmetric. 

Symmetry is said to exist when the bisector of the cut- 
ting angle coincides with the normal to the disk surface. 
2. Axes of modulation or sensing. 

2.1 Non-orthogonal, asymmetric. 

2.2 Orthogonal, asymmetric. 

2.3 Slanted and rotated plane of axes. 

We will first investigate to what extent crosstalk may be 
expected as caused by the indicated geometric conditions. 
Subsequently, the influence of crosstalk on the reproduced 
sound picture will be considered. 


THE INFLUENCE OF CUTTING STYLUS CONTOUR 
1.1. Cutting angle = 90°. 


The axes along which the cutterhead system exerts the 
modulation forces are supposed to be both orthogonal and 
symmetric. It is furthermore assumed that only one chan- 
nel, for instance the righthand channel, is modulated, the 
other channel being idle. 

From Fig. 2 it is evident that an obtuse or acute cutting 
angle will also cause some modulation to appear on the 
left-hand groove wall. This is in fact recorded crosstalk. 

If such a groove is, however, traced by a stereo cartridge 
with perfectly orthogonal and symmetrical sensing axes, this 
crosstalk will not appear in the left hand reproducing chan- 
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Fig. 1. Veetor presentation of 45/45 recording method. 


nel since the center of the playback stylus (pictured as a 
sphere in Fig. 2b) moves along a line inclined 45° to the 
disc surface. In general, whenever the orientation of the 
sensing axes coincides with that of the modulation-axes, no 
crosstalk results from the use of cutting styli having in- 
cluded angles other than 90°. 


1.2. Asymmetric contour 


In a rather similar way, the use of cutting styli with 
asymmetric contour will lead to cross modulation on the 
unmodulated groove wall (Fig. 3). Again, tracing by a 
cartridge with coincident orientation of sensing axes will 
prevent this cross modulation from appearing in the idle 
channel. 


Exerted 
modulation force. 


-ASYMMETRIC STYLUS __CONTOUR_ 


Fig. 3 


The use of cutting styli, having included angles other than 90°, 
leads to modulation of the groove wall facing the idle recording 
system. 


THE INFLUENCE OF AXIS-ORIENTATION 
2.1. Non-orthogonal, asymmetric orientation 


In order to arrive at a universal equation for the relation 
between the magnitudes of cross talk and signal component, 
the trigonometric calculation has been based upon the pre- 
sumption that modulation axes do not coincide with sensing 
axes, either system being non-orthogonal and asymmetric. 

In Fig. 4, let vectors AB and AC be representative for 
the movements of the cutter head systems, AD and AE be- 
ing the directions of sensing axes. 


Fig. 4. Non-coincident orientation of axes results in crosstalk. 


The angles between either AB, AC, AD or AE and the 
normal to the disc surface are indicated by 81, Be, a; and az, 
respectively. 

It is evident that a single modulation vector AB will be 
sensed in both direction AD and AE. The relation in deci- 
bels between decomposed components AD and AE is given 
by: 

AD 


sin (az + 81) 
—= 20 logio pret sel Ho A a: db 
AE 


(la) 
sin (a; — B1) 


where (a; — 81) equals y. 
Likewise, movement AC will be sensed in direction CF 
and FA, the relation being: 


sin (a; + Be) db 


CF 

—= 20 logio 

FA sin (a2 — B2) 
where (a2 — 2) equals yo. 


(1b) 


2.2. Orthogonal, asymmetric orientation 


Suppose the sensing movements take place in an ortho- 
gonal way (still asymmetric to the normal), and further 
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GEOMETRIC CONDITIONS IN CUTTING AND PLAYING OF STEREODISCS AND THEIR INFLUENCE ON FINAL SOUND PICTURE 


ee SP eee ee 


Difference angle 


Fig. 5. Relative crosstalk levels as a function of the difference in 
axes orientation. 


assume that cutting has taken place along completely dif- 
ferent-orientated moving axes. In trigonometric terms, this 
condition is reached when in Equations (la) or (1b), (a; + 
az) = 90°. The crosstalk equation then reduces to: 
20 logio cot V1 or 2- 

This form has been drawn graphically in Fig. 5. It may 
be observed that even such small angles as 1.8° will lead 
to relative cross modulation levels of — 30 db. 


2.3. Slanted and rotated plane of axes 


In the preceding paragraphs it has been presumed that 
the plane of axes is always perpendicular to both disc sur- 
face and groove walls. This may not necessarily be true, 
since much depends upon the way the cutter head or play- 
back cartridge is mounted. 

For simplicity’s sake, the calculations are based upon the 
presumption that cutting takes place in a slanted and ro- 
tated plane of axes, sensing being done in a periectly per- 
pendicular plane. A perspective view of the slanted and 
rotated array is given in Fig. 6. 

Cutting takes place in the plane of ABE along the direc- 
tion of AB and AE. With respect to the sensing plane of 
AB’E’ this cutting plane is slanted y degrees and rotated 
around AC 6 degrees. The lines AB’ and AE’ are in fact 
projections of AB and AE respectively on the plane of 
sensing. In viewing the figure, it should be borne in mind 
that AC is the bisector of angle BAE, 8 being half the cut- 
ting angle; furthermore B’E’ is mot perpendicular to AC’. 
Consequently AB’ does not equal AE’ (AB’ > AE’). The 
position of plane ABE may perhaps be best visualized as 
the wings of an aeroplane, banking in a turn. 

The relation between a and angles 8, y and & may be ex- 
pressed in: 

sin* « + cos* B cos y — sin* B cos” 8 


cos a = 


(2) 


2 sin e cos B cos y 


in which « is related to 8, y and 8 as follows: 


sine = Y 1 —(sin y cos 8 — sin B sin 8)* 
This can hardly be called a simple relationship; to simplify 
them, assume the cutting angle to be 90°, hence 8 = 45°. 
Equation (2) reduces to: 


cos y + tgysin8 


cos a = 


(3) 


VY 2-(sin y—sin8)? 

where « has been eliminated. From the denominator it be- 
comes clear that cosa attains a minimum value, hence a a 
maximum, when y equals 8. Figure 7 gives Equation (3) 
in graphical form; the varying difference angle y (= 45° — 
a) plotted against the angle of slant y, angle of rotation 8 
being the parameter. 

It is also clear that only for absurdly large angles of ro- 
tation and slant will the difference angle y be large enough 
to become important. 


THE INFLUENCE OF CROSSTALK ON THE 
STEREO SOUNDPICTURE 


Basis-distortion 


The apparent width of the stereo soundpicture is defined 
as the basis. In the playback process, this basis can of 
course not be greater than the spacing between the two 
loudspeakers. 

Any crosstalk between the two channels will lead to modi- 
fication of the original basis. Adding a cross modulation 
component R/p to the signal L will cause the sound source 
L to move toward the R-source. Hence, identical, in-phase 
crosstalk components L/p and R/p will make the sound 
basis appear smaller. Reciprocally, out-of-phase crosstalk 
will cause increase of the original basis (Fig. 8). 

As already pointed out, increase of basis is limited to the 
effective measured distance between the centers of the loud- 


lanted and rotates ane axes 


Fic. 6. Perspective view of a slanted and rotated axes array. 
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Fic. 7. Difference angle as a function of slant and rotation of 
the plane of axes. 
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speakers. Increase beyond this limit will cause the locali- 
zation of sound sources to disappear. 

If for some reason or another, one crosstalk component is 
in phase and the other out of phase (L+ R/p and R- 
L/p), the sound picture would be decreased in basis in the 
L-direction and increased in the R-direction (Fig. 9). 

This effect will be called panoramic basis-shift. 


Panorama-distortion 


When both signals L and R bear the same information 
and are equal in amplitude, the apparent sound source 
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Fig. 8. Depending on the phase condition of crosstalk compo- 
nents, the original basis may appear smaller or larger. 
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would be localized exactly midway between the loudspeak- 
ers, provided overall translation characteristics of either 
channel are equal. Any deviation in amplitude relationship 
will cause the sound source to move off center, either to the 
left or to the right, depending on which speaker emits the 
loudest signal. 

Directional hearing as a function of intensity ratios be- 
tween two loudspeakers has been investigated by K. de 
Boer.' The intensity ratio N at the ears is plotted against 


the listening-angle @ (Fig. 10). 


Fic. 9. Depending on the phase relationship between crosstalk 
components, lefthand or righthand shift of panorama may result. 


From the graph it can be seen that the intensity ratio in 
decibels varies in linear relationship to angle @ for values of 
6< 40°. 

Assume the listener to be positioned on the mid-perpen- 
dicular to the junction line between the speakers, to wit a 
distance from the center equal to the distance between 
speakers (Fig. 11). 


Fig. 10. Direetional hearing as a function of sound-intensity ratios. 


This listening condition is considered to be a practical 
one. The listening angle between mid-perpendicular and 
either speaker axis will then amount to about 27°. From 
Fig. 10 it follows that the intensity ratio N, corresponding 
to this particular value of 6 is 4 db. 

The linear relationship between N (db) and 6 allows the 
next equations to be made: 


1K. de Boer, “Stereophonic Sound Reproduction”, Philips Tech. 
Rev. (April, 1940). 
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GEOMETRIC CONDITIONS IN CUTTING AND PLAYING OF STEREODISCS AND THEIR INFLUENCE ON FINAL SOUND PICTURE 


6° 
N= ( sx) db (for any value of 6 up to about 40°) 


and with N in factors: 
4 6° 
—: — 6= (2.5 log N) X 27°. 4) 
10 27° ‘ 
Presuming now that the signal intensities at speakers L 
and R are respectively 1 and p, the resulting intensity ratio 
at the listener’s ears is determined by: 


1 
p+— 
Ni 14+PNi 


N= a ; 
Pp p+Ni 


Tr 
Ni 


Equation (5) substituted in Equation (4) leads to: 
1+pNi 
p+Ni 
This is a general form and for the particular case of Fig. 11, 


where N, = 2.5, becomes: 
1+ 2.5 
+ 2.5 


p 


With this formula the angular shift of the stereo sound-pic- 
ture, caused by amplitude distortion of the original signal 
ratios, may be determined. 


‘= ( 2.5 log ) x 27°. 


i= ( 2.5 log 


SURVEY OF INFLUENCES ON THE SOUND PICTURE 
For the convenience of the reader of this report, a survey 


Fic. 11. Plan view of typical listening condition. 


rai 


2 a 6° 8° 
Difference angle 


When ¥1 = 2, 6 is zero. 
When yj = —vV2, @ is negative (i.e., anti-clockwise rotation). 
When —y; = v2, @ is positive (i.e., clockwise rotation). 


Fig. 12. Practical values of differences in orientation of axes, 
plotted against the resulting variation of listening angle. 


Listening angle @- 


8 


of soundpicture distortions as caused by several kinds of 
axis orientation is given in Table I. 


Calculations for the power ratio of L- and R-channels 
depending on the difference-angles y, and 2, are based on 
the fact that the included modulation angle 8; + Be is 
always supposed to be 90°. 


A general equation is formed in: 
( COS Y; — SiN yy ) 1 —sin 2y, 
= COS Wo — SIN Wo ~ J=sin 22 
where p, = power ratio of L- to R-channels, y; = a; - 81 
R 


(6) 


and W2 = a2—f2. Note that the sine-terms of Equation (6) 
may cause change of sign, when y; or We is negative. 


With yi = ye (i.e., equal in value and sign), power ratio 
will be unity and hence only (symmetrical) basis decrease or 
increase will take place and no change in panorama. 


With y; = — yz (i.e., equal in value and opposite in sign), 
power ratio will be determined by: 
1 + sin 2y 
| ~ J=sin 2y 
Finally, for equal angles y; and ye, Fig. 12 gives the 
variation of listening Angle @ plotted against y, and ye. 
As a practical example it may be noted that for an angle 
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TaBLe I. Survey of Sound Picture Distortion as Caused by Several Kinds of Axis Orientation. 


Axis orientation Interphase Phase relationship of cross modulation 


= modulation } ones relationship and Basis Panorama 
te+--- = sensing Angles of crosstalk L-signal R-signal distortion distortion 


anti phase anti phase in phase panoramic basis— 
(¥1 = pos) (v2 = neg) shift to the left 


anti phase in phase anti phase panoramie basis— 
(v1 = neg) (v2 = pos) shift to the right 


and may therefore have negative values, 


in phase in phase in phase total basis— 
(v1 = neg) (2 = neg) decrease 


l 
) 


a: — Bi 
a2 — Be 


ye 


z= 
Of 
- 
a 
4 
oe 
7 
~ 
z 
Ff 
a 
3 
n 
a 
~ 
el 
= 
a 
a 
os 
a 
= 
ea 
5 
id 
z 
— 
a 
l, 
> 
V 
3 
g 
= 


When y, > yo—the angular shift is directed to the left. 
When y, = ye—no panorama distortion takes place. 


N.B.: ya 


in phase anti phase anti phase total basis— 
(ys = pos) (v2 = pos) increase 


anti phase Lefthand basis— Angular shift 
(ya = pos) increase to the left 


in phase Lefthand basis— Angular shift 
(vs = neg) decrease to the right 


in phase Righthand basis— Angular shift 
(2 = neg) decrease to the left 
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TABLE I (continued). 


Interphase 
relationship 
of crosstalk 


Angles 


Phase relationship of cross modulation 
and 


Basis 


R-signal distortion 


Righthand basis— Angular shift 
increase to the right 


Fig. 13. Practical example of a shift in sound source location as 
caused by crosstalk. 


6 = 5°, the linear basis decrease may amount to some 35 
centimeters in either extremity of the covered soundpicture 
(Fig. 13). 


CONCLUSIONS 


Since the attenuation of crosstalk products obviously de- 
pends to a great extent upon the degree of exactness to 
which the sensing axes of a stereo pickup cartridge coincide 
with the modulation axes of a stereo cutting head, it is ad- 
visable in the case of the standard 45/45 system to keep 
the included angle between axes close to 90°, the bisector 
being normal to the disc surface. 


Slant and/or rotation of planes of axes have negligible 
effects on crosstalk. Consequently, playing of stereo records 
with tone arms exhibiting substantial tracking errors, or 
playing on changing mechanisms where the height between 
turntable and needlepoint may vary depending on the num- 
ber of records on the turntable, need not lead to deteriora- 
tion of inherent crosstalk attenuation. 

Crosstalk in stereo reproduction leads to various sound 
picture distortion, such as basis decrease or increase, in 
which latter case localization becomes hardly possible. 
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The Deformation of Plastics with Hard, Spherical Indentors” 


D. G. Fiom anp C. M. Hucernst 


General Electric Laboratories, Schenectady, N. Y. 


The response of plastics to stress when deformed by contact with hard objects under load 
is important in such diverse applications as bearings, guides, and phonograph records. A study 
oi the permanent deformation of Plexiglas by spherical indentors under a wide range of load, 
indentor diameter, and time of loading has shown that a single relationship can be used to relate 
these and other variables. Preliminary sliding experiments at extremely low speeds (ca. 10—° cm/sec) 
indicate that the relationship derived for static indentations can be used to predict the permanent 
deformation to be expected in sliding under conditions of diverse loads and speeds. A particularly 
valuable application is that of predicting the deformation properties of proposed phonograph 
record systems by comparison with the known properties of existing systems. 


INTRODUCTION 


E GROWING USE of plastics in the fields of bearings, 
guides, and general construction requires a knowledge of 
how these materials react under stress. In particular, the 
nature of response (including time-dependence) when such 
materials are deformed by contact with hard objects under 
load is especially important. 

A familiar example of plastic use, and one where more 
study is needed, is in the common phonograph record. As 
can be shown by brief analysis, it is surprising that such a 
record can be used at all for more than a few playings with- 
out receiving destructive damage. Currently, a modern 
phonograph record (12-inch, 334%4-rpm) is pressed with a 
90° groove (100 grooves to the inch) running spirally in 
from an outer diameter of 11.5 inches to an inner diameter 
of 4.75 inches. A hard stylus (generally diamond or sap- 
phire) with a spherical tip (nominal diameter of 0.005 cm) 
is made to slide at speeds varying from 50-20 cm/sec” along 
this groove. Information is stored on the record by undu- 
lating the groove so that the center line of the groove corre- 
sponds to an electrical signal to be picked up by a mechani- 
cal transducer attached to the stylus. The peak-to-peak 
amplitude of the undulation varies from vanishingly small 
values for soft, high-frequency notes to a maximum of 
about 0.0025 cm for a loud, low-frequency note. 

The dimensions of the record groove are so minute that 
any deformation by the phonograph needle would be thought 
to be excessive. Yet deformation under the applied load 


* Received September 18, 1958. 
+ Chemistry Research Department. 


must occur or else the loading pressure would be infinite. 
It has been argued that the groove wall does deform elas- 
tically under load, but relaxes after some elapsed time to 
regain almost its original form. Another difficulty arises, 
however, in that the elastic yield limit of these materials, as 
usually calculated, is considerably exceeded by the 0.005- 
cm stylus loaded at the quite low force of 5 gm. The an- 
swer ordinarily given to this is that the force must be ap- 
plied for some finite time before plastic deformation can 
occur, this time being longer than the present contact time 
of the stylus on the record. 

Unfortunately, the experimental evidence supporting 
these statements is meager. Most experiments have been 
designed to further the art of record reproduction and have 
shed little light on the mechanism of deformation in the 
record material. A typical experiment, for example, in- 
volves the measurement of the progressive signal loss of a 
high-frequency note after successive playings at various 
loadings.! 

The importance of visco-elastic effects has been demon- 
strated and discussed by Max. He showed that record 
wear was minimized when styli of recommended size and 
loading were used only if sufficient time were allowed be- 
tween playings for the record material to recover. He fur- 
ther showed that immediately repetitive playings grossly ac- 
celerated wear on polystyrene and, presumably, on vinylite. 
The conclusion was that the successive playings deformed 
the plastic while it was still in a state of strain and there- 


1 F. Langford-Smith, Radiotron Designer's Handbook, pp. 712-717, 


(Sydney, Australia, Amalgamated Wirless Valve Co. Pty., Ltd., 1954). 
2A. M. Max, J. Audio Eng. Soc., 3, 66 (1955). 
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Tasie I. Effect of Load on Indentation Size. 
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TABLE II. Effect of Loading Time on Indentation Size. 


Indentation diameter, d 


Load (g) D=0.005em,t=—15see D—0.16 em, t = 15 see 
5 1.17 X 10% em 
7 1.54 
10 1.96 
15 2.42 


100 5.67 
9,080 60 X 10% em 
13,620 73 
18,160 79 


Indentation diameter, d 


Time of D = 0,005 em, D = 0.015 em, D = 0.16 em, 
loading (sec) W—20¢g W 180g W = 13,620 g 
1 2.38 K 10° em 6.70 K 10% em 
3 69.7 X 10% em 
5 2.50 7.10 70.2 


2.63 


2.60 . 

50 2.75 8.45 76.1 
100 2.90 8.55 79.2 
200 2.90 8.85 
500 3.00 9.40 


fore were able to effect permanent plastic deformation. 

Hunt* proposes another factor to be considered. The yield 
strength of many materials is higher for minute specimens 
than for bulk samples; hence, the region around a small in- 
dentor is protected by the “size effect” against plastic yield- 
ing. This “micro-hardness” theory is disputed by Barlow,* 
who says that the apparent increase in hardness is due to 
elastic springback of the material. 

In the light of these questions, it appeared to the authors 
that it would be well to know whether existing data on the 
plastic-elastic deformation of plastics could be used to pre- 
dict their behavior in systems of diverse loads, contact times, 
and indentor diameters. In some preliminary sliding experi- 
ments, we discovered that a variety of effects were operative. 
Initially, a standard phonograph needle was moved slowly 
(about 0.1 cm/sec) along the surface of a transparent vinyl- 
ite record. Simultaneously, we observed the track from un- 
derneath through a Metropolitan-Vickers microscope. 
Vinylite was observed to flow rather like warm butter under 
the influence of the needle. The track left behind the needle 
bore no resemblance to the original surface. Obviously, this 
behavior was quite different from what must occur at the 
faster sliding speeds used on phonographs. 

Observations were then made on deformations during slid- 
ing at different speeds. In this work, the plastic, in contact 
with a diamond stylus under known force, was mounted on a 
spring-loaded instrument and then released. The spring con- 
stant was chosen so as to give sliding speeds starting at zero 
and accelerating to 350 cm/sec’. The tracks formed in this 
manner were found to be dependent, both in appearance and 
in width, on the material used as well as the sliding speeds. 
Cellulose acetate, for example, showed transitions from plas- 
tic deformation to what appeared to be brittle fracture dur- 
ing the course of changing speed. On the other hand, Plexi- 
glas and cellulose (in the smooth track portion) gave rise to 
smooth-walled tracks, but showed interesting small scallops 
in the bottom of the tracks. For Plexiglas, these scallops 
were formed at the rate of 250,000 sec’ independent of the 
actual sliding speeds. These observations indicated that the 
phenomena are complex and, in particular, quite time depen- 


dent. It appeared therefore that meaningful interpretations 
could be made only if the deformation behavior of such ma- 
terials were studied over a wide range of loading times. 

For simplicity, we decided to focus our attention on just 
one aspect of this process; namely, the extent of permanent 
indentation resulting from deformation of plastic materials 
under static loads. Here we were concerned with testing the 
applicability and validity of empirical expressions relating 
the time of loading, the size of the indentor, the size of the 
indentation, and the load applied to the indentor. 


EXPERIMENTAL PROCEDURES 


The experimental apparatus for the 0.005-cm and the 
0.015-cm indentors consisted of an analytical balance in 
which one balance pan was fitted with a diamond stylus at 
the bottom of the pan attached by means of a friction clamp. 
The styli used were conventional GE 0.001-in. and 0.003-in. 
diamond phonograph needles. These needles were used in 
their supplied mountings, less the magnetic cartridge assem- 
bly. The radii listed were accepted as correct. By means 
of this arrangement, loads of a few milligrams to 500 gm 
could be applied to the indentor in a smooth and controlled 
manner. 

The measurements on the 0.160-cm steel ball were made 
with similar apparatus. The plastic was placed on the pan 
of a 50-lb. beam balance. The ball, held in a magnetic cup, 
was pressed against the surface of the plastic just hard 
enough to balance the beam at the particular setting and held 
in this position for the time specified. 

The indentation diameters were measured on a calibrated 
Metropolitan-Vickers microscope. The microscope was fo- 
cused for maximum contrast on surface detail, and the di- 
ameter of the indentation was measured with a reticule eye- 
piece. The measurements were limited both by the difficulty 
of locating the smaller indentations in the field of view and 


3F. V. Hunt, J. Audio Eng. Soc., 3, 2 (1955); J. Appl. Phys. 26, 
850 (1955). 


4D. A. Barlow, J. Audio Eng. Soc., 4, 116, (1956). 
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Fic. 1. The effect of load and indentor diameter on indentations in 
Plexiglas. (Loading time = 15 sec). OD = 0.005 cm; A, D = 0.015 
cm; (J, D = 0.16 cm; X, D = 1.0 cm (Pascoe and Tabor). W = 
load in gm. Straight line slope = 2.6. 


of determining the actual extent of the indentation for the 
larger and more shallow indentations. 


RESULTS AND DISCUSSION 


The experimental results are given in Tables I and II. 
Each measurement is the average of at least three separate 
determinations in which the individual measurements varied 
by not more than + 10 percent. Further, the indentation 
measurements were rechecked by a different observer to off- 
set the cumulative effects of eyestrain. It should be re- 
marked, however, that certain consistent inaccuracies can oc- 
cur because of the difficulty of maintaining a uniform stand- 
ard of definition over the wide range of diameters and pene- 
trations studied. 

A study of static indentations has been carried out for 
Perspex and other plastics by Pascoe and Tabor.* They 
were able to correlate results on a series of materials using 
various loads and loading times. However, they used rather 
large indentors (1.0-cm) only, so it was questionable whether 
their arguments could be extended to the much smaller size 
range. A discussion of the principles of static indentations is 


5M. W. Pascoe and D. Tabor, Proc. Roy. Soc. (London) 235A, 
210 (1956). 
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given in their paper. They point out that indentations made 
for different-sized indentors can be correlated directly only 
if the ratio of indentation diameter (d) to indentor diameter 
(D) is the same for the different indentors; that is, the in- 
dentations must have the same geometry except for a scale 
factor relating the diameter ratios. This follows directly 
from Myers’ law, W —Kd™. This law states that if an in- 
dentor of diameter D, under load W forms an indentation of 
diameter d, then the indentations having the same d/D sup- 
port the same mean pressure W/4rd*. If then, we follow the 
example of Tabor and assume a power relation, we can write 


W/d? = K(d/D)* (1) 
. The quantity x is related to an empirical quantity m such 
that 
W = Kd*/D=* (2) 
or 
WD — Kd™ (3) 


For most plastics, m has been shown to fall between the lim- 
its 2.5-2.9.5 

Pascoe and Tabor chose to correlate their results by 
plotting WD*-* vs log d, which according to the above rela- 
tionship should give a straight line of slope 2.6 for Perspex. 
This graphing procedure appears to test only the internal 
consistency of the data and does not afford a sensitive test 
of the accuracy of the data or a reliable measure of the in- 
dex m. Other nearby values of m yield lines of about equi- 
valent internal consistency. However, for comparison, we 
have plotted our data as well as those of Pascoe and Tabor 
on a similar basis, as shown in Fig. 1. It is apparent that 
the results fall on a single straight line of predicted slope 
except for a slight, consistent deviation of our data in the 
range of the smallest indentations. It is not possible at this 
time to state whether this constitutes a verification of Hunt’s 
microhardness proposal* in view of the possibility of a con- 
sistent experimental error. 

In addition to the effect of load and indentor size on the 
indentation, there is also the effect of loading time. Pascoe 
and Tabor stated that the indentation area (xd*/4) should 
increase linearly with the logarithm of time of loading and 
obtained a straight line on such a plot. In the absence of 
more explicit evidence, there is no reason why such a rela- 
tionship should be expected to hold, although certainly the 
indentation size will vary as some function of time. It 
seems more desirable to combine the effects of time of load- 
ing with the other variables into one equation. This can be 
done by assuming that the proportionality constant K in Eq. 
(1) is a function of time and that the original equation only 
holds for constant loading times. The more general equa- 
tion is then 


d x 
w/e =(<) K(t). 
/ > (t) (4) 


Now a plot of WD”"~*/d™ vs f(t) should correlate all 


Continued on page 128 
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PLAYBACK SPEED AND RETAIL PRICE 


VER SINCE the advent of practical magnetic tape 
recording some ten or twelve years ago, there has 
existed a continuous pressure on manufacturers of tape and 
tape recorders to improve performance and reduce the cost. 
A tape speed of 30 ips was originally required to achieve 
the desired performance characteristics. It was soon shown 
that the same performance, or very nearly the same per- 
formance, could be achieved at half that speed. Continuing 
economic pressure reduced the speed once again a few years 
later by.a factor of two, without seriously jeopardizing the 
overall performance for many users. 

Then came stereo recording and the necessity for putting 
twice as much information on the tape as had previously 
been done. The result was the 7% ips two-track stereo 
tape which made its first commercial appearance in 1955. 
The retail price of such an item varied from roughly $7.00 
to nearly $20.00, depending on the length of the recording. 
This price structure placed a serious handicap on the wide- 
spread sale of stereo tape recordings when compared to the 
monophonic LP disc which has been available at $3.95 to 
$5.95. True, the stereo performance from tape yielded a 
new dimension to home listeners and gave them a medium 
which did not deteriorate from repeated playings. Further- 
more, the signal quality from the tape was felt by many to 
be superior to that from the LP disc. 

That the high price of commercial tape releases limited 
the market has always been obvious. It was only natural 
that considerable thought should have been given to reduc- 
ing this cost. The largest single item in the cost of a tape 
recording is the raw tape itself. The obvious answer was 
to increase the packing density of the recorded material. 
The next logical steps were to cut the speed in half once 
again, making it 334 ips; and to increase the number of 
tracks from two to four. If one pair of tracks runs in the 
reverse direction, we have the added advantage of ending 
the total playing cycle with a rewound tape. 

All other things being equal, when the tape speed is re- 
duced by a factor of two we can also expect to cut the 


* Presented at the Sixth Annual Western Convention of the Audio 
Engineering Society, Los Angeles, California, February 17, 1959. 
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frequency response by a factor of two. If we reduce the 
track width by a factor of two it is axiomatic that we de- 
crease the signal-to-noise ratio by 3 db. 


Everybody knows that the 334 ips speed was put on tape 
recorders merely to conserve tape and make it possible for 
the old man to practice his speeches at home before he went 
out to give lectures, as I am doing now. Everybody knows 
that a restricted band width, when applied to speech, has 
no deleterious effects . . . but everybody also knows that to 
do the same thing to music makes it completely unaccept- 
able, since the cymbal crashes sound like two loaves of bread 
being slammed together. Everybody knows that 334 ips 
musical tapes are just not worth listening to. Is this so? 
It may have been up till recently. 


DUPLICATION FOR SLOW-SPEED PLAYBACK 


One important link in the entire system which is necessary 
to bring commercial music to the public, from the original 
recording thereof to the final playback of a tape in the home, 
is the high speed tape duplicator. If we accept the fact 
that a 7% ips tape can yield a 15,000 cps top end, then we 
also know that a tape at 334 ips can yield only a 7,500-cycle 
top end; or can it? This used to be true... but not any 
more. The reason for this is that up until a short time ago 
all playback heads were optimized for 7% ips or faster 
speeds. 334 ips speed just went along for the ride and the 
results were seriously handicapped. If a playback head is 
designed specifically for operation at 334 ips it is possible, 
on a production basis, to obtain 15,000 cps with the same 
uniformity of frequency response that we previously ob- 
tained at 7% ips. There are some other difficulties con- 
nected with this situation, however, but we will touch on 
these a little later. 


With the recent introduction of the new commercial tape 
speed of 334 ips, a whole new horizon in the recording in- 
dustry was opened. This horizon, around its entire perime- 
ter, with everything in between, was just full of problems. 
We had to go to work again. Our biggest limitation at 33% 
ips is the saturation of the tape itself at signal levels. Since 
signal-to-noise ratio would thus become the limiting con- 
dition in the making of the new 334 ips tapes, it was obvi- 
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Fic. 1. Bias current vs output level and distortion for four du- 
plieator record heads. 


ous that we should endeavor to optimize the entire system, 
starting from the original recording. 

By means of optimizing the equalization in the original 
recording, we were able to improve the signal-to-noise ratio 
in the master. By using four wide tracks on %-in. wide 
tape for the duplicator master we were able to maintain 
virtually all of this signal-to-noise improvement. This 
duplicator master is a second generation. Commercially 
sold copies, or third generation, on ™%-in. wide tape, are 
made directly from this duplicator master. The track width 
on the -in. tape is .043 in. 

We mentioned the fact that an optimized playback head 
was necessary to do justice to the 334 ips tape speed. Do 
similar problems confront us when we are discussing record- 
ing heads? 

In tape duplicating, it is well known that we run the tape 
at many times its normal playing speed, and make several 
copies at once, in order to reduce the labor cost. On the 
Model 3200 duplicator, which is used for 7% ips stereo 
tapes, the record head gap is 500 » inches in length. The 
tape travels at 60 ips. The band pass of the system is 120 
ke. In the first such duplicators which were sold, the head 
resonance was placed above 120 kc, for obvious reasons. 
The result was that the signal level recorded on the tape 
was found to be insufficiently high, and the signal-to-noise 
ratio was correspondingly poor. An increase in the number 
of turns on the head increased the signal level from the tape 
but also brought the resonance down into the band pass. 
An acceptable operating point was reached, however, around 
85 kc, if appropriate equalization was incorporated in the 
machines. The signal-to-noise ratio was thus improved by 
quite a margin. 

Although this data held for 7% ips releases, would it hold 
for the new 334 ips tapes? 


RECORD HEAD GAP AND TAPE SPEED 


Initially it was thought by some that a shorter gap length 
for the duplicator record head would improve the situation. 
We tried it and found some interesting results. 
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The objectives of the investigation were two: (1) to de- 
termine whether the narrow gap head would afford 334 ips 
duplicated recordings having improved frequency response, 
greater signal-to-noise ratio and less distortion; and (2) to 
ascertain whether or not narrow gap record heads afforded 
advantages which might be compromised by the proposed 
334 ips recording characteristics. 

The original record head gap length we furnished was 
500 » inches. Since this was felt by some to be too long a 
gap, we have checked duplicator record heads having 500, 
125 and 90 » inch gap lengths. To test these we have meas- 
ured the frequency response, distortion, saturation, record 
level, bias requirement, and signal-to-noise ratio of the re- 
cordings made on the high speed duplicator. Measurements 
were made at a playback speed of 334 ips, since this would 
be the criterion for performance. 

To date we have used a 30 ips duplicator master playback 
speed and a 15 ips slave recorder speed with a pass band 
top limit of about 65 kc. The 500 » inch gap head has been 
wound for a resonance of around 70 kc, since it was found 
desirable to keep the resonance out of the pass band for 
reasons of the equalization effects on the signal-to-noise 
ratio for these 334 ips releases. 

The performance of two experimental short gap duplica- 
tor record heads was compared with that of two types of 
500 » inch record heads, “A” and “B”. Head “A” was the 
prototype of the production version, and head “B” was an 
experimental model of slightly different construction but 
with essentially similar characteristics. All of the heads 
were constructed of the same metal, were laminated, and 
were .043 in. wide, plus or minus .0005 in. 

Each experimental head was mounted in a similar man- 
ner. The azimuth and track position were adjustable, and 
the tape path geometry was similar to that of the standard 
head. It should further be noted that when speaking of a 
head we really mean stereo pair, which records tracks 1 and 
3 with a spacing between the tracks of .093 in. Various 
means were used to obtain the gap lengths as stated. The 
methods used to obtain these precise lengths (which, inci- 
dentally, are repeatable) are beyond the scope of this paper. 

Standard Ampex Model 3300 duplicator record amplifier 
electronics and bias oscillator were employed in a conven- 
tional manner. The record and bias currents were measured 
at the jacks of the switch panel immediately adjacent to the 
head. Test measurements of head current were also made 
at the record head terminals themselves and found to corre- 
spond to the measurements made at the test jacks. 

The tapes used for all tests were selected for uniformity 
of bias requirement, output, and frequency response. The 
same reel of tape was used for all tests of each head, but 
different tapes were used for the respective heads. The tape 
used was considered to be representative of the average of 
the normally available thin based tape (1800 feet on a 7-in. 
reel). 

The data to be presented are all shown on a comparative 
basis for clarity. 

Figure 1: In each case the bias was adjusted for optimum 
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ra 
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100 1000 10000 20000, 
FREQUENCY JN CYCLES PER SECOND 
Fig. 2. Frequeney response for four duplicator record heads. 
Recorded at 15 ips 
Reproduced at 3% ips 
Bias peaked at 1 ke (250 cys at 3% ips) 
Record pre-emphasis constant. 


REPROOUCED SIGNAL LEVEL - 08m 


response so that a 1 ke signal recorded at 15 ips (the dupli- 
cator slave speed) would afford a maximum signal level at 
250 c when the tape was reproduced at 334 ips. In other 
words optimum bias was established. In Fig. 1 the peak 
bias requirements and the shape of the biasing curve 
near the peak are shown for each of the four heads. The 
minimum bias current is to the left. This figure shows 
that the prototype head “A” with a 500 » inch gap requires 
the least bias, experimental head “B” with the 500 » inch 
gap requires a little higher bias, the 125 » inch head requires 
a considerable amount of bias. It also shows that it was not 
possible to obtain an optimum bias point for the 90 » inch 
head, because of undue overheating of the head windings 
themselves. Also shown on the slide are the corresponding 
distortion levels plotted against bias current for each of the 
four heads. The distortion decreases as the bias current is 
increased, but, of course, the high-frequency signal level 
drops also as the bias is increased above the optimum point. 

Figure 2: The frequency responses of the recordings 
made by each of these four heads having gaps ranging from 
500 » inches to 90 » inches are shown in Fig. 2. These 
curves are the result of recording on the 15 ips duplicator 
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Fic. 3. Record pre-emphasis at 15 ips for four duplicator record 
heads to yield uniform response at 3% ips. 
A.  Pre-emphasis for 500 mil head 
B.  Pre-emphasis for 350 mil head 
C.  Pre-emphasis for 125 mil head 
D. Pre-emphasis for 90 mil head 
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for reproduction at 334 ips, and were measured, of course, 
at 334 ips. The bias was peaked at 1 kc at 15 ips as per 
the data in the last figure, and the recording current pre- 
emphasis was the same in all cases. It is clear that both 
500 » inch heads afford satisfactory, uniform frequency re- 
sponse. The 125 » inch head shows a very serious loss, and 
the 90 » inch head has a dismal response. 

Figure 3: If we are to improve the situation shown in the 
previous figure, it is obviously necessary that we must intro- 
duce additional record current pre-emphasis to compensate 
for the high frequency response losses. Fig. 3 shows these 
pre-emphasis curves, relating head current to frequency. 
Curve “A” was used for the 500 » inch recordings. Curve 
“B” was that required for the 125 » inch head, and Curve 
“C” was the curve required for the 90 » inch head. 
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FREQUENCY IN CYCLES PER SECOND 
Fig. 4. Playback amplifier response for 3% ips. 
A. Amplifier response 
B. Standard 3% ips—4 track tape system response 


Figure 4: Although all of these recordings were made on 
the high speed duplicator, the measurement of the resulting 
signals on the tape were all made on a modified Ampex 
Model 351. This machine was modified to play at 334 ips 
with a short gap optimized 2-track playback head and spe- 
cial playback equalization, as shown in curve “A”. The 
playback of a standard tape, corrected for known tape level 
deviations, is shown in Curve “B”. 

Figure 5: It will be recalled that the frequency response 
curves for the shorter and shorter gap record heads resulted 
in loss of high frequency response. This was corrected by 
additional pre-emphasis in the recording characteristic. 
Fig. 5 now shows what happens to the recording when the 
same level of recording is put on the tape by each of the 
four heads. The performance of head “A” (500 » inch gap) 
is plotted on the top curve, the 90 » inch head performance 
is shown by the bottom curve. Six and one-half mils bias 
was used for head “A”, 9 mils for head “B”, 32 mils for 
the 125 » inch head, and 42 mils for the shortest gap head. 
The curves show a loss of high-frequency response under 
these conditions of uniform signal level on the tape, as the 
gap is shortened. This loss is due to tape saturation. The 
500 » inch head is down 2 db at 12,000 c, the 90 » inch 
head is down 2 db at 9,000 c under the same conditions. 
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Fig. 5. Signal saturation as a function of duplicator record head 
gap length. 
Recorded at 15 ips; at -15 db below operating level 


Reproduced at 3% ips 
Record current pre-emphasis as per Fig. 3. 


CONCLUSION 


It has been established that optimizing the playback head 
for 334 ips will yield the playback results we wish. Ade- 
quate high-frequency response requires a short straight gap 
with very sharp edges to yield adequate resolution of these 
short wavelengths recorded on the tape. 

On the other hand, it may now be indicated without much 
question that a short gap record head does not necessarily 
yield superior results, at least as far as the high speed dupli- 
cation of tapes is concerned. We have noted that, if the 
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gap length is reduced, an increase in bias current is required. 
When we are considering the possibility of using several 
slaves at once, it is clear that we may get into difficulty with 
respect to our bias supply source if we wish to use the 
shorter gap heads. The shorter the gap length, the more 
pre-emphasis in recording current is required, in order to 
compensate for the loss in signal level at the higher fre- 
quencies. The more pre-emphasis used parallels the in- 
creased tendency toward tape saturation at high frequencies. 
This type of tape overload causes the signal quality to de- 
teriorate rapidly and provides a less desirable musical rendi- 
tion. . 

All things considered, it looks very much as though we 
had picked the right gap length the first time, and that the 
shorter gap lengths, which some have thought might possi- 
bly be better, haven’t worked out in actual practice. 

The final objective has been to improve this link in the 
magnetic recording chain, among others, to the point that 
the production of 334 ips four-track stereotapes becomes 
practical and more closely comparable in price with discs. 
Although one may always continue to improve a system, 
this present achievement is a distinct step forward in the art. 
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measurements on a given material. It may be seen in Fig. 2 


that the diverse experimental points for these results on 
Rohm and Haas Plexiglas as well as Pascoe and Tabor’s 
results on Perspex do indeed lie on one common line within 
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Fic. 2. The effect of loading time on indentations in Plexiglas for 
various indentor diameters. O,D — 0.005 cm; A, D = 0.015 cm; 


O), D = 0.16 cm; X, D = 1.0 cm (Pascoe and Tabor). W = load 
in gm, d = indentation diameter in cm. 


experimental error. The important thing to note here is 
that, even for these widely varying sizes of indentors (D = 
0.005 — 1.0 cm) and loads (5 — 13,600 gm), a single rela- 
tionship can be used to correlate the several parameters 
over a considerable range of loading times (1 — 1000 sec.). 

Some preliminary sliding experiments at extremely low 
speeds (ca. 10° cm/sec) yielded track widths comparable 
with the static indentation diameters shown in Fig. 2. As 
discussed by Pascoe and Tabor, the loading time is assumed 
to be the time necessary for the stylus to travel a distance 
equal to the track width. This observation indicates the vali- 
dity of combining static and sliding information into a single 
relationship. Further experiments at increased sliding 
speeds are necessary to establish the validity of Eq. (4) for 
contact times of less than one second. 

The relationship expressed by Eq. (4) can now be used, 
for example, to predict the extent of permanent deformation 
caused by diverse combinations of styli diameter, load, and 
sliding speed in phonograph systems. It is only necessary 
to assume that the single relationship shown in Fig. 2 ex- 
tends to the much lower contact times (ca. 10~ sec.). Since 
the actual position of the curve is still unknown for these 
lower times, it is necessary to make the prediction by com- 
parison with known systems. 
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A New Device for the Reduction of Print- Through” 


Frank Rapocyt 
Audio Devices, Inc., New York, N. Y. 


The Echoraser is a static device designed to reduce the intensity of layer-to-layer signal transfer 


or print-through. Each set consists of two Echorasers, one “Red” and the other “Black”. 


The 


“Red” device will remove up to 9 db, and the “Black” device up to 18 db, of print-through. 
The Echoraser can rejuvenate old original recordings damaged by print-through and can vir- 


tually remove all the print from new recordings. 


This device can be a valuable tool for the re- 


cordist who wishes to prevent his recordings from developing objectionable print-through. 


INTRODUCTION 


cand MAGNETIC TAPE industry during the past few 

years has made considerable progress in combatting 
print-through, or layer-to-layer signal transfer. The mar- 
keting of low print Master Audiotape in 1957 was a giant 
step in this direction, though not a complete remedy. For 
years experimenters have demonstrated that print-through 
can be effectively reduced by applying a slight erasing field 
to a recorded tape as it passes over a head just before repro- 
duction. An erase head is used, powered by either the bias 
or the erase current of the recorder. Surprisingly few re- 
cordists have availed themselves of this technique, which led 
us to ponder the reasons for this resistance. Perhaps the 
thought of tinkering with the internal circuits of the recorder 
discouraged some, or there was not enough time for experi- 
ment to determine the proper combination of head and cur- 
rent to do the job, and finally the possibility of tape damage 
in the event of component failure may have been a deter- 
rent. Whatever the reason, it was felt that a simple device 
which could be installed without a knowledge of electronics, 
without lengthy pre-testing, without wires or terminals, 
could bring this technique to more recordists. The device 
called an Echoraser is quite unique in construction and yet 
extremely simple in design. In spite of the simplicity, the 
reduction in print-through achieved by the Echoraser follows 
the same patterns observed by earlier experimenters using 
more complex equipment. 


DESCRIPTION 


The Echoraser is designed to produce an “erase” field of 
pre-determined intensity. Figure 1 is a drawing of the com- 
ponent parts. The main body of the device is 114 inches 


* Received September 18, 1958. Read before the Tenth Annual 
Convention of the Audio Engineering Society, New York, October 1, 
1958. 
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in height and the front face is divided into two areas. The 
smaller area is a bearing surface for the tape to be treated 
and the larger area is the “active” or energized surface. The 
base is a thin metal plate 12 inch by % inch, fitted with two 
positioning pins which slip into holes in the main body. The 
base plate has two screw holes to allow permanent installa- 
tion on a tape transport. The energized area of each is col- 
ored to denote its erasing intensity. 

The energized areas are made by cementing sections of 
specially prepared magnetic tape to the surface of the device. 
This tape has been pre-magnetized with a special pattern to 
create the desired erase intensity when the recorded tape 
passes by. 

To use, the recorded tape is allowed to pass over the unit 
just before it passes by the playback head of the recorder. 


PERFORMANCE 


The amount of print-through reduction achieved with the 
Echoraser is dependent on several factors. They are 
1. the storage conditions of the recorded tape; 
. the age of the recording; 
. the printing frequency or wavelength; 
. the magnetic properties of the tape. 


Storage Conditions 


The conditions of storage affect the performance. If the 
recorded tape has been subjected to high temperatures or 
exposed to external magnetic fields, the print will be harder 
to reduce. The results achieved are proportional to the care 
given to the recordings during storage. Even with tapes 
exposed to the poorest of storage conditions some reduction 
in print-through can be realized. 


Age of Recording 


It is common knowledge that the longer a recorded tape 
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Fic. 1. Component parts of the Echoraser. 


is stored the more difficult it becomes to erase. A device 
with fixed erase intensity becomes less effective as the age 
of the recording increases. To cope with this problem, two 
models were developed, each with a different power. The 
red Echoraser will remove up to 9 db of print-through with- 
out appreciably affecting recorded high-frequencies. The 
black Echoraser will remove up to 18 db of print-through, 
at a sacrifice of 2 to 3 db of recorded high-frequency level. 

Figure 2 shows the reduction of print-through, plotted 
against the age of a recording made on a low-print Audio 
Mastertape. The tape was recorded at 15 ips with a 1 kc 
signal of saturation intensity, at peak bias, on every fourth 
layer of tape on the reel. The tape was stored at room tem- 
perature and tested periodically for two years. As shown 
in Fig. 2, one hour after recording, the black Echoraser re- 
moved 18 db of print while the red Echoraser removed 9 db. 
After two years storage of the tape the black unit is still 
capable of removing 6 db of print, and the red unit removes 
3 db of print. 


PRINT FREQUENCY 


The reduction in print-through varies with the wavelength 
of the printing signal. A frequency of 1 kc at a tape speed 
of 15 ips, or a wavelength of 15 mils, is used throughout this 
paper as a test frequency. This wavelength was selected be- 
cause it produces the most severe print on the standard tape 
having a 1.5 mil base tape and a 0.5 mil magnetic coating. 
Using this wavelength as a reference point, note the varia- 
tion in print-through reduction with the black unit as the 
wavelength changes in Fig. 3. At a wavelength of 60 mils 
or 250 cps, 22 db of print-through is erased. At 2 kc, only 
15 db of print-through reduction is realized. The shorter 
the wavelength of the printing signal, the less the reduction 
in print-through; it is fortunate that print-through itself is 
also less at the shorter wavelengths. 


MAGNETIC PROPERTIES 


The Echoraser has been designed for standard tape of 
domestic manufacture, which ranges from 230 to 300 oer- 
steds in coercive force. Using the Echoraser against tapes 
exceeding 300 oersteds in coercive force will destroy some 
of its power. If tapes with coercive forces below 230 oer- 
steds are treated, extreme caution should be taken to avoid 
excessive erasure. In general, the higher the coercive force 
of the tape, the less will be the print reduction achieved by 
the Echoraser. 

The Master tapes used to demonstrate the effectiveness of 
the Echoraser in this paper have a coercive force of 260 oer- 
steds. One may achieve better or poorer results with a 
specific tape, depending on its magnetic properties. 


SIGNAL ERASURE 


The amount of signal erasure also varies with the age of 
the recording. The red unit removes less than 1 db of sig- 
nal and can be disregarded as a problem. However, the 
black Echoraser, which has at least twice the erase intensity 
of the red unit, will reduce high-frequency signals from 
newly recorded tapes. Figure 4 shows the loss of 15 kc sig- 
nal from the black unit plotted against the age of the re- 
cording. Again, a Master tape was used with a 15 kc signal 
recorded at 30 db below 3% harmonic distortion, at peak 
bias, and at a speed of 7.5 ips. The black Echoraser removed 
3 db of signal after one hour of aging. The amount of signal 
removal diminished until no removal was observed after 10 
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Fig. 2. Print reduction vs age of recording. Test made using 
standard reference recorder, Master Audiotape, speed of 15 ips, 
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A NEW DEVICE FOR THE REDUCTION OF PRINT-THROUGH 


weeks of aging. The removal of low-frequency signal was 
less than one db after one hour of aging and was also dis- 
regarded, for this paper. 

The black unit should not be used unless the recording 
being treated is at least ten weeks old, or unless one is 
prepared to sacrifice some high-frequency response to reduce 
the print-through. The wise recordist might benefit by re- 
cording his future tapes with a slight high-frequency accen- 
tuation, thereby anticipating the erasing treatment. 

If there is any doubt as to the age of a given recording, 
the red Echoraser should be used to be safe. 
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Fig. 3. Print reduction vs wavelength. Test made using standard 
reference recorder, Master Audiotape, speed of 15 ips, saturation 
recording level, with bias for peak output. 
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MORE PERFORMANCE DATA 


To further illustrate the importance of the Echoraser in 
eliminating print-through as a serious recording problem, 
Fig. 5 shows the improvement in signal-to-print-through ra- 
tio obtainable on a Master tape, plotted against the age of 
the recording. One hour after recording, the signal-to-print- 
through ratio is reduced to 82 db with the black Echoraser 
and to 73 db with the red Echoraser. After two years the 
black Echoraser restores the signal-to-print-through ratio to 
62 db, which is the print ratio displayed by the Master tape 
after only one day of aging. 

These units when used properly exhibit no harmful ef- 
fects. Exhaustive tests showed no effect on either harmonic 
or intermodulation distortion. Listening tests revealed no 
additional noise. The background noise of recorded tapes 
lessened, resulting in a “cleaner” sound. It is safe to assume 
that the confused background noise due to overlapping print 
signals was reduced along with the distinctive prints. 

Wear tests equivalent to 500 passes of a reel of tape failed 
to reduce the efficiency of the device. The units have been 
designed to compensate for wear. 
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Fig. 4. 15 ke signal loss vs age of recording. Test made using 
standard reference recorder, Master Audiotape, speed of 744 ips, 


recording level 30 db below 3% distortion at 1 ke, signal frequency 
of 15 ke, with bias for peak output. 
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Repetitive passes past an eraser do not increase the reduc- 
tion of print-through, as previous experimenters have noted. 
However, the eraser will take care of print which has devel- 
oped after the last print erasing, since this is new print. 

A print-through eraser works only on the print-through on 
the original tape. It is useless to rerecord a tape with heavy 
print onto a second tape and then to use the eraser on the 
second tape. The reason for this is that on the original 
tape the print is much easier to erase than the signal; where- 
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Fic. 5. Effect of age of recording on print-through ratio, Test 
made using standard reference recorder, Master Audiotape, speed 
of 15 ips, signal frequency of 1 ke, at saturation level, with bias 
for peak output. 
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Fic. 6. Placement diagram for Echoraser. 


as in copying the print is recorded solidly into the second 
tape by the bias. 


INSTALLATION AND MAINTENANCE 


The proper placement of the Echoraser is essential to 
achieve the full benefit of print-through reduction. The de- 
vice must be placed between the supply reel and the play- 
back head, accessible for easy removal and placement. The 
upper section of Fig. 6 is a top view showing the tape con- 
tacting the front face. It is extremely important that the 
oxide surface of the tape be in contact with both the bearing 
surface and the edge of the energized area, as indicated by 
the two arrows, to insure proper functioning of the device. 
The lower section of Fig. 6 is a front view showing the tape 
intersecting the front face at an angle of 90°. The inter- 
secting angle should not vary more than plus or minus 5°. 
On virtually all tape transports the vertical positioning is 
automatic, since the tape travels parallel to the top plate. 

Before permanent installation it is advisable to temporar- 
ily affix the device in position with “contact” cement, or the 
like, and to run a few experimental reels to check proper 
alignment and operation. Special care must be taken to 
avoid placing the Echoraser too far into the line of travel of 
the tape. This may cause excessive pressure, resulting in 
frictional vibration. The tape must contact the Echoraser 
firmly but lightly for ideal operation. Make certain that the 
tape does not touch the base positioning pins when the main 
body of the device is removed. 

To insure continued good performance, the following pre- 
cautions should be observed: 


FRANK RADOCY 


DO NOT place Echorasers near external magnetic fields. 

DO NOT place energized surfaces together or against any metal 
surfaces. 

DO NOT clean Echoraser with liquids. Use only dry cloth. 

DO NOT place Echoraser in position against program material 
when tape is not in motion. 

DO NOT leave Echoraser in position when rewinding or fast 
forward winding. 

DO NOT leave Echoraser in position when not in use. 


In general, treat the Echorasers as though they were val- 
uable recordings. 


CONCLUSION 


The Echoraser can be an important tool for the recordist. 
By proper planning of his recording techniques he can elimi- 
nate objectionable print-through. He can rejuvenate his 
old recordings by reducing print-through and background 
noise. By employing both Master low-print tapes and Echo- 
rasers he can store his recordings with the assurance that in 
years to come his material will be least affected by this in- 
herent property of magnetic tape, print-through. 


THE AUTHOR 


Frank Radocy was born in Stamford, Connecticut, 1921. 
In 1939 he was employed by Audio Devices, Inc., and has 
remained with that company to date, with the exception of 
four years spent as an Army Air Corps Pilot during World 
War II. He attended special evening courses at the Wright 
Technical and Bridgeport Engineering Institutes. In 1946 he 
was appointed Lacquer Department Manager. In 1949 he was 
appointed Director of Quality Control. 

For the past few years Mr. Radocy has travelled throughout 
the U. S. and Canada, providing field and sales engineering 
services for the company. He is a member of the Tape 
Standards Committee of the MRIA. 

Mr. Radocy has presented several papers at A.E.S. and 
I.R.E. Conventions in recent years. His main interests lie in 
the development of improved and new magnetic tapes and 


lacquer discs for the industry. He is shown checking the per- 
formance of an Echoraser. 
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Applying the Transistor in a Stereophonic Tape System* 


Dwicut V. Jonegst 
Semiconductor Products Department, General Electric Company, Syracuse, New York 


A complete semiconductor, stereophonic tape playback system applies modern solid state devices 
to a new concept of music appreciation that is receiving more interest every day. This system 
consists of a stereophonic tape deck, two tape preamplifiers, two 10-watt amplifiers, two 16-ohm 
speaker systems, and a common power supply. Transistors offer many advantages in high fidelity 
circuits, since there is no problem with microphonics or hum pick-up from filaments as we have 
with tubes. Transistors are inherently low impedance devices and thus offer better matching to 
magnetic pick-ups and loud speakers, for more efficient power transfer. 


PREAMPLIFIERS 


2. TWO preamplifiers consist of two identical ampli- 
fiers with circuitry as shown in Fig. 1. Both preampli- 
fiers use a common 18-volt battery supply. The circuit of 
Fig. 1 consists of three direct-coupled transistor stages. 
The first two stages have a feedback bias arrangement for 
current stabilization of the two stages. The resistor R2 
from the emitter of TR2 provides this dc current feedback 
to the base of TR1. The output stage is well stabilized 
with a 5K emitter resistance. 

The negative feedback from the collector of TR2 to the 
emitter of TR1 is frequency selective to compensate for the 
standard NAB recording characteristic. The preamplifier 
frequency response from a recorded tape is shown in Fig. 2. 
The flat response from a standard pre-recorded tape occurs 
with the tone control (R12) at mid-position or 12KQ. 
There is 7 to 8 db of treble boost with the control at 25K 
maximum position, and approximately 20 db of treble cut 
with R12 = 0. 

The preamplifier output is approximately 2 volts with the 
input being the maximum 400 cycle recorded level for 2% 
distortion on the tape (Standard Reference Level). The 
total harmonic distortion of the preamplifier at this level is 
under 0.2%. With a preamplifier output of 4 volts at 400 
cycles, the total harmonic distortion is still less than 1%. 

This preamplifier will accommodate a variety of tape head 
impedances, for it gives an equalized output for a 2KQ head 
at 1Kc and also a 6KQ head. The input impedance of the 
preamplifier increases with frequency because of the fre- 
quency selective negative feedback to the emitter of TR1. 
The impedance of the tape head also increases with fre- 
quency but is below that of the preamplifier. 


* Revised copy received June 2, 1959. Delivered before the Tenth 
Annual Convention of the Audio Engineering Society, New York, 
September 29, 1958. 
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TAPE HEAD 


Fic. 1. Tape preamplifier. 


The 2N508 was selected for this application because it is 
basically a high gain, low noise transistor. This transistor 
operates in a circuit designed to achieve the good signal-to- 
noise ratio of which the 2N508 is capable. The S/N of this 
preamplifier is approximately 60 db depending on the tape 
deck and head that are used. The noise level varies greatly 
with respect to head structure, shielding, and physical lay- 
out. 
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TAPE HEAD IMPEDANCE + 2K @ IKC 
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TAPE PREAMPLIFIER OUTPUT (db) 


Fic. 2. Preamplifier response. 
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Fic. 3. Power amplifier. 


The emitter-follower stage gives a low impedance output 
for a cable run to the power amplifier, and acts as a buffer 
so that any preamplifier loading will not affect the equaliza- 
tion characteristic. 


POWER AMPLIFIERS 


A great deal of effort has gone into developing trans- 
formerless push-pull amplifiers using vacuum tubes. Prac- 
tical circuits, however, use many power tubes in parallel to 
provide the high currents necessary for direct driving of low 
impedance loudspeakers. 
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Fic. 4. Distortion vs power output for 10 watt amplifier. 


The advent of power transistors has given new impetus to 
the development of transformerless circuits since the transis- 
tors are basically low-voltage, high-current devices. The 
emitter follower stage, in particular, offers the most interest- 
ing possibilities since it has low inherent distortion and low 
output impedance. 

The two power amplifiers consist of two identical ampli- 
fiers with circuitry as shown in Fig. 3. This is a direct- 
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Fic. 5. Maximum power response at clipping. 


DWIGHT V. JONES 


coupled amplifier with excellent low frequency response, and 
also has the advantage of a feedback arrangement for cur- 
rent stabilization of all stages. The feedback system also 
stabilizes the voltage division across the power output tran- 
sistors TR4 and TR6, which operate in a Class B push-pull 
arrangement. TR3 and TRS also operate Class B in the 
familiar Darlington connection. Using an NPN for TR5 
gives the required phase inversion for driving TR6 and also 
has the advantage of push-pull emitter follower operation. 
TR4 and TR6 have a small forward bias to minimize cross- 
over distortion. This bias is set by the voltage drop across 
the 100-ohm resistors. TR3 and TRS are biased for the 


Ci— 1500 wf, 50 VOLTS 
C2- 1500 wf, SO VOLTS 
C3- 1500 wf, 50 VOLTS 
C4- 1500 wf, 50 VOLTS 
SILICON BRIDGE - FOUR-INIIIS 


Fic. 6, Power supply for dual 10-watt amplifier. 


same reason with the voltage drop across the IN91. A 68- 
ohm resistor would serve the same function as the 1N91 
except that there would be no temperature compensation. 
Thermistors have also been used to compensate for the tem- 
perature variation of the emitter-base resistance, but they 
do not track this variation as well as a germanium junction 
diode, which has temperature characteristics similar to the 
transistor. 

TR2 is a Class A driver requiring a very low impedance 
drive which is accomplished by an emitter follower TR1. 
TRI needs a current source for low distortion; thus R1 was 
set at the maximum value that would allow the amplifier to 
be driven to the 10-watt clipping point with the Standard 
Reference Level into the preamplifier. 

The bias adjust R2 is set for one-half the supply voltage 
across TR6 and can be trimmed for symmetrical clipping at 
maximum power output. The .001 »f feedback capacitor 
from collector to base of TR2 aids in stabilizing this circuit 
by reducing the phase shift and high frequency gain of this 
stage. The 100 p»f capacitor shunting the bias network 
further aids the stabilization with high frequency negative 
feedback from output to input. This circuit has approxi- 
mately 15 db of overall voltage feedback with the 27K re- 
sistor from load to input. The 16-ohm speaker system is 
shunted by 22 ohms in series with .2 »f to prevent the con- 
tinued rise of speaker impedance and its accompanying 
phase shift beyond the audio spectrum. 

The overall result, from using direct-coupling, no trans- 
Continued on page 140 
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Automatic Plotting of Cartridge Response 


C. P. GERMANO 


Clevite Electronic Components, Clevite Corporation, Cleveland, Ohio 


A system for the automatic plotting of frequency response of phonograph cartridges is presented. 
The major parts of the system are a piezoelectric ceramic driver, an RIAA compensating network, 


and graphic recording equipment. 


The driver consists of a stack of modified Lead Zirconate 


Titanate (PZT*) length expanders acting together as a bar. The graphic recording equipment 
includes a Bruel & Kjaer (B & K) Signal Generator in conjunction with a B & K High Speed Level 
Recorder.. A description of these components is given and typical response curves are shown. The 
latter are compared with curves obtained in the usual manner. 


INTRODUCTION 


HE FREQUENCY RESPONSE of phonograph pickups 

is generally determined by the use of frequency-test 
records. These are of two general types: banded tone and 
gliding tone. The former are recorded with a number of con- 
stant frequencies which are played in sequence. Gliding 
tone records are cut with gradually changing frequencies to 
cover the desired range. Special test records, such as sweep- 
frequency types, are also available, and they allow visual 
displays of the pickup response on an oscilloscope. Where 
graphic plots are desired, however, the aforementioned fre- 
quency-test records are required, and the response is ob- 
tained in a laborious manner. 

It becomes desirable, therefore, to automatically plot fre- 
quency response. Specially constructed calibrators have 
been reported’? in the past, and apparently these have 
worked satisfactorily. The use of these units has been ap- 
parently somewhat limited. The method to be described 
herein is akin to these. It is felt, however, that some im- 
provements have been effected which have been made pos- 
sible by recent advances in equipment and transducer ma- 
terials. Of major importance here is the availability of a 
piezoelectric ceramic such as PZT with its high electro- 
mechanical activity which allows greater displacement for a 
given applied electric field. 


DESCRIPTION OF SYSTEM 
The system is made up of three major parts; namely, a 
piezoelectric driver, a compensating network, and graphic 
recording equipment with its associated components. Fig. 
1 shows a block diagram of the test setup. Initially, it was 


* Reg. U. S. Patent Office 


intended to include the compensating network as part of a 
feedback loop to control the stack driving voltage in ac- 
cordance with the RIAA recording characteristic. However, 
after some experimentation, more suitable results were ob- 
tained by driving the stack at constant displacement and 
compensating the pickup output. The difficulty experienced 
here was due to the inability to accurately monitor stock dis- 
placement for feedback. 

The driver unit is formed of a set or stack of modified 
PZT length expanders which together act in the same man- 
ner as a single piezoelectric bar. The unit is excited in a 
longitudinal direction, but it is oriented at 45° to the verti- 
cal for use with stereo phonograph pickups. A small piece 
of record material is cemented to the free end of the stack 
to effect mechanical coupling to the stylus. While this does 
present an additional load to the stack, it is too slight to be 
of any consequence. 

The network shown following the cartridge is a simple RC 
circuit to compensate for the RIAA recording characteristic. 
The piezoelectric driver is an amplitude responsive device 
and yields constant displacement with constant voltage over 
the useful range. 


PZT DRIVER 


Before discussing the driver, it may be worth while to 
say a few words concerning piezoelectricity. Although a full 
treatment of the subject is not within the scope of this 
paper, the following remarks will provide sufficient back- 
ground for an understanding of the action of the driver unit. 

Materials which generate electric charges when mechani- 
cally excited and conversely become mechanically deformed 
when electrically excited are known as piezoelectric bodies. 
Strictly speaking, piezoelectric phenomena are confined to 
crystalline substances such as quartz, ammonium dihydrogen 
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Fig. 1. Block diagram of system. 


phosphate, etc. Polycrystalline materials such as barium 
titanate and PZT in reality exhibit what is known as a polar- 
ized electrostrictive effect. However, it has become custom- 
ary to refer to this effect as a piezoelectric one. These poly- 
crystalline substances do not have piezoelectric properties 
in their original state. Such effects are induced in the ma- 
terial by the application of strong depolarizing fields. 

The electromechanical effect of the polarized material is 
the development of electric charge opposite to that applied to 
the electrodes during the polarization when the element is 
mechanically expanded in the direction of polarization or 
compressed at right angles to it. Conversely, a signal volt- 
age applied with this same polarity as the original polariza- 
tion produces further expansion in the direction of the field 
and contraction in the plane perpendicular to the field. 


The coefficients describing expansion or contraction in the 
same direction as the electric field are given subscripts (33). 
Those describing expansions or contractions perpendicular 
to the electric field are given subscripts (31). The first 
subscript refers to the direction of the electric field conven- 
tionally the 3 or z axis. The second subscript refers to the 
direction of the strain. 

The direct piezoelectric effect is referred to as generator 
action, and the converse effect is referred to as motor action. 
By this is meant that electrical energy is obtained from 
mechanical (or acoustical) and vice versa. Thus, piezoelec- 
tric elements are, in effect, motor-generators, and as such, 
their behavior is influenced by the mechanical and electrical 
loads attached. 

Any body possesses certain frequencies of mechanical 
resonance at which points the amplitude of vibration is rela- 
tively large. Similarly, when driven electrically, a piezo- 
electric transducer vibrates with large amplitudes of dis- 
placement at certain frequencies depending upon the size, 
mode of operation, and type of material. The increase in 
amplitude at these frequencies over low-frequency operation 
is dependent upon the mechanical Q of the element and sys- 
tem. Operation below resonance produces a strain or dis- 
placement constant with frequency and essentially linear 
with electric field. 

Since it is important to simulate record drive. the displace- 
ment to be applied to the cartridge under test is kept con- 


stant. Consequently, it is important to construct a driver 
whose natural resonant frequency is higher than the highest 
frequency to be covered. Furthermore, it is desirable to ob- 
tain displacements of the same magnitude as found in typi- 
cal records. These two requirements are somewhat in con- 
flict with one another, because the resonant frequency of a 
length expander (31) mode is inversely proportional to the 
length to thickness ratio of the plate. A compromise be- 
comes necessary. Let us examine the relationships involved. 
The resonant frequency of a blocked free bar in longitudinal 
mode is given by 


f-=—\ — 


= 4i p 
where Y# = Young’s Modulus perpendicular to poling axis 
p = density 
1 = length of plate 
for the material in question this results in 


ye\* 
) (1) 


li i (2) 


In order to determine the displacement sensitivity of a 
length expander, use is made of the piezoelectric d modulus. 
This is defined as the strain as a function of applied field, 


strain 
field 


As indicated previously, the 31 subscripts show that the 
strain is perpendicular to the field. 


that is dz, — 


‘ . d 
Since strain = y 


d = displacement 


and field = ha 
t 


v = applied volts 
d/l 

dy, = (3) 
v/t 


or A = dz, a (displacement per 
sd unit volt). 

This expression applies only when operating below reso- 
nance and assumes an unloaded element. The latter condi- 
tion is practically achieved since the mass and compliance of 
the stylus can be considered negligible compared to the me- 
chanical impedance of the stack. 

To keep the natural resonance high, / should be kept 
small. However, for large displacements / should be made 
large. It is possible to keep / small, consistent with high 
resonance, and to increase the displacement by reducing the 
plate thickness. 

Ideally, the resonant frequency should be, perhaps, twice 
the highest frequency to be covered. However, because of 
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Fic. 2. PZT stack driving a clevite pickup. 


placement, the length of the stack was chosen to correspond 
to a resonance of 20 kc. As can be seen in Fig. 6, the stack 
is useable up to a frequency of 15 kc. 

This means a length of 1.5 inches and consequently for 
the material in question, 


d/v = 0.825 pinches/volt. (4) 


Approximately 350 volts would be required to obtain a 
displacement of 0.3 milinches which corresponds to a record 
velocity of approximately 4.8 cm/sec. at 1000 cps. 

However, a further compromise is necessary because of 
the low impedance presented by the stack at the high fre- 
quencies. This would necessitate a driving amplifier of high 
power-handling ability. It was felt that even 14 of the above 
displacement would be adequate to drive the cartridge. For 
this displacement, approximately 100 volts is required. Fig. 
2 shows a closeup of the driver. 


COMPENSATING NETWORK 


Inasmuch as the ceramic stack is an amplitude responsive 
device, the displacement sensitivity is constant with fre- 
quency up to or near its natural resonant frequency. 
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Fig. 3. A. RIAA curve on an amplitude basis. 


B. Equalization 
needed by amplitude cartridge. 


AUTOMATIC PLOTTING OF CARTRIDGE RESPONSE 


the low mechanical Q and the desire to obtain a large dis- 
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Consequently, some method of compensation is necessary 
to correct the cartridge output in accordance with the RIAA 
recording characteristics. 

Curve A of Fig. 3 shows the RIAA characteristic plotted 
on an amplitude basis. Curve B of the same figure repre- 
sents the complement or equalization necessary for a con- 
stant amplitude cartridge to reproduce such a record with a 
flat response. Piezoelectric cartridges are normally equa- 
lized by the proper choice of load impedance and the judi- 
cious use of element and stylus resonance. 

Thus, the piezoelectric cartridge is designed to reproduce 
the RIAA characteristic flat; and since the stack is driven 
at constant displacement, a network such as is shown in Fig. 
4 is necessary to provide the bass boost and treble cut in ac- 
cordance with Curve A of Fig. 3. 
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Fig. 4. Compensation network. 


There is no intention of going into any detail on the design 
of this circuit. For information concerning compensation 
networks, it is suggested that the literature* be consulted. 
Suffice it to say at this point that there are three networks 
which define the standard RIAA characteristic. Each net- 
work provides the proper time constant for three turnover 
frequencies. These frequencies are at 50, 500, and 2120 cps. 
The network shown in Fig. 4 provides the proper compensa- 
tion. This is illustrated in Fig. 5, which shows the response. 
The dotted line curve of Fig. 5 is Curve A of Fig. 3, superim- 
posed on the network response to show the correlation. Ex- 
cept for the very low end, the two curves match quite well. 
Fig. 6 shows the displacement sensitivity of the driver. The 
calibration of the stack was effected by the use of a microdis- 
placement meter described in literature. Briefly, the prin- 
ciple of operation of this equipment is as follows: 

A probe driven by an ADP crystal standard is made to fol- 
low the displacement of the test element. The capacity be- 
tween the probe and element forms part of a frequency- 
determining circuit which operates at approximately 100 
megacycles. With non-synchronous motion between the two, 
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the oscillation is frequency modulated and this can be de- 
tected by a frequency-modulation receiver. When the two 
are in synchronism, there is no deviation from the center fre- 
quency. With this condition, a knowledge of the voltages 
supplied to both the standard and test elements along with 
the sensitivity of the former, leads to the displacement of the 
test element. 
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Fie. 5. Response characteristic of network. 


GRAPHIC RECORDER 


Use is made of a Bruel & Kjaer High Speed Level Re- 
corder in conjunction with a B & K Signal Generator and 
Control System to obtain the graphic plot of frequency re- 
sponse. The audio-frequency signal generator is a flat- 
frequency oscillator with provision for automatic frequency 
scanning and chart recording. The logarithmic frequency 
range is swept continuously by the level recorder which is 
mechanically linked to the generator by a flexible drive shaft 
connection. This provides mechanical scanning of the beat 
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Fic. 7. Frequency response of Clevite experimental stereo pickup 
(top tracing, right channel; bottom tracing, left channel). 


arithmic input circuits permits measurements of great dy- 
namic range. 
PERFORMANCE OF SYSTEM 


The system described has been used to measure the re- 
sponse of a number of piezoelectric-type stereo cartridges. 
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Fic. 6. Displacement characteristic of driver. 


frequency oscillator and a synchronization between the chart 
paper frequency scale and oscillator frequency tuning. The 
Level Recorder is a peak-indicating ac voltmeter that re- 
cords level of voltages in the frequency range 20 to 20 kc. 
Rapid writing speeds allow the precise recording of sudden 
changes in level of the measured signal, and a range of log- 
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Fie. 8. Frequency response of commercial piezoelectric stereo 


pickup type A (top tracing, right channel; bottom tracing, left 
channel). 
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Typical curves are shown in Figs. 7 through 9. In Fig. 7 
is shown the response frequency characteristics of a Clevite 
experimental model using PZT Multimorphs.t The Multi- 
morph has been previously described,® and for a complete 
treatment of the subject it is suggested that the appropriate 
reference be examined. This element behaves as a bender 
or flexure unit, but differs in cross-section in that it is a 
single-plate unit rather than a composite or two-plate sand- 
wich. A series of parallel holes coated with graphite and 
running the length of the element provide the central con- 
ductor required for polarization to obtain flexure action. 
Normal benders consist of two expander plates cemented 
together so that an applied flexural displacement results in 
additive voltages. When driven electrically, such an ele- 
ment produces bending similar to that of a bimetallic strip. 
Rather than by unequal expansions, however, bending is 
caused by expansions of the two plates in opposite directions. 
For purposes of comparison, Fig. 10 shows the response of 
the Clevite unit as obtained with the system described, as 
well as by the use of standard techniques. In the latter case, 
the Westrex Stereo Disk 1A frequency-test record was used. 

This is substantially a constant-velocity recording, and 
since the cartridge is designed to reproduce the RIAA charac- 
teristics, the curve is corrected and replotted showing devia- 
tion from flat response. Correlation is seen to be quite good. 
The discrepancy noted at the high end can probably be at- 
tributed to the fact that mechanically the two systems are 
not exactly alike. The presence of stylus friction in the 
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Fic. 10. Frequency response of Clevite experimental stereo pick- 
up. 


case of a rotating disk undoubtedly affects the stylus-record 
resonance. 

The response curves shown in Figs. 8 and 9 were obtained 
on commercially available piezo-electric cartridges. An at- 
tempt was also made to measure separation, and this is illus- 
trated in Fig.9. This curve does not generally correlate well 
enough with that obtained using standard test records to 
consider it reliable. As can be seen in Fig. 9, appreciable 
noise was present. 
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pickup type B (top tracings, right channel response and separa- 
tion; bottom tracings, left channel response and separation). 
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Fig. 7. Square-wave responses. 


formers, and ample degeneration, is an amplifier with output 
impedance of one-half ohm for good speaker damping, and 
very low total harmonic distortion as shown in Fig. 4. The 
power amplifier S/N is better than 80 db. The frequency 
response at 100 mw is flat over the audio spectrum. The 
power response curve is shown in Fig. 5. The amplifier 
square-wave response is shown in Fig. 7. 

The dual amplifier may be operated from a common low 
impedance power supply as shown in Fig. 6 or from a 30- 
to 50-volt battery supply. 
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Unique 


TAPE 
STROBE 


EXCLUSIVE NEW STROBE 
DEVICE FOR CHECKING 
TAPE SPEEDS OF PLAYERS 
AND TAPE RECORDERS 


Immediately indicates off speeds as well as tape slippage. 

Checks drag brake efficiency. 

Adjustable to varying tape heights. 

Can be applied directly to moving tape. 

Finest parts and construction used throughout. 

Diameter accuracy .0002” 

Calibrated for tape speeds of 714, 15 and 30 ips. 
Comes complete in handsome grey and red instrument case 
for only $22.50 complete. Send check to: 


Scott Instrument Labs., Dept. 801 


17 EAST 48th STREET, NEW YORK 17, N. Y. 
Once you've tried the Tape Strobe, you'll never do without it. 


AES News 


In a booth at the Western Audio Engineers Exhibit, Harry 
Bryant listens to a nineteenth century magnetic wire recorder. 
This instrument, which is still operable, was invented in 1898 by 
the ‘‘Danish Edison,’’ Valdemar Poulsen. Two U. 8S. companies 
manufactured Poulsen’s ‘‘Telegraphone,’’ but were unable to com- 
pete successfully against the lower priced Victrola. 
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Glenn Wallichs (right) receiving an AES Certificate of Appre- 
ciation from Harry Bryant at West Coast Convention. 


THE SIXTH ANNUAL WESTERN CONVENTION 


Fifty technical papers were delivered at the highly successful Sixth 
Annual Western Convention in Los Angeles last February. As was 
true of the Fall Convention in New York, not only the number but 
the quality and interest of the papers set a record. 

On Monday evening before the convention and exhibition actually 
began, the Awards Banquet was held at the Biltmore Hotel. Mem- 
bers of the Institute of High Fidelity Manufacturers, whose show 
coincided with the AES Convention, were guests at the banquet. 

Guest speaker at the banquet was Glenn Wallichs, a co-founder 
and the president of Capitol Records, Inc. Mr. Wallichs received a 
certificate of appreciation for “his outstanding leadership and en- 
couragement of continuing research in high fidelity engineering.” 

An AES Fellowship Award went to James A. Miller of Santa 
Barbara in recognition of his fifty years of activity in the audio field. 
With many inventions for sound recording and reproduction to his 
credit, Mr. Miller is still an active researcher. At present he is work- 
ing on improvements in microgroove transcriptions. 

Convention sessions were not confined to technical subjects. An 
unusual feature was the series of talks called “Stereo for Salesmen.” 
The purpose was to make available to salesmen the new techniques 
developed by AES engineers. 


As Harry Bryant said ater the convention, “The audio art re- 
ceived the biggest showing it ever had on the West Coast, thanks to 
our convention. More than thirty companies and organizations were 
represented. Society members and audio enthusiasts, by listening to 
the papers presented at the technical sessions and by examining the 
equipment in the exhibition booths, had an opportunity to learn the 
latest developments in audio from the professionals in the field.” 

AES President Don Plunkett, in a recent newsletter, gave a fitting 
tribute: “The Sixth Annual West Coast Convention, managed by 
Harry L. Bryant, was most successful. The entire Society is grateful 
to Harry and his Committee. Congratulations!” 


Joseph N. Benjamin, President of the Institute of High Fidelity 
Manufacturers, addressing the guests at the AES Convention Ban- 
quet. 


James A. Miller (right) receiving an AES Fellowship Award 
from Harry Bryant at the West Coast Convention. 
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NEW JOURNAL AES EDITOR 


At a meeting of the Board of Governors on June 15, Walter H. 
Erikson (RCA, Camden, N. J.) was invited to become Editor-in- 
Chief of the Journat. Mr. Erikson accepted the offer and will 
assume his new duties beginning with the October, 1959, issue. 


SECTION NOTES 


A significant increase in Section activities reflects the growing 
vitality of AES and accompanies its expanding membership. The 
Pittsburgh Section demonstrates what can be done. 

They held regularly scheduled and very well attended monthly 
meetings from October, 1958, through June, 1959. The intimacy and 
informality of these Section meetings allows for a wide range of dis- 
cussion topics and social activities, all geared to a continuing interest 
in audio development. Pittsburgh, for example, opened its 1958-59 
season with a talk on “The Science of Sound” given by Prof. Charles 
Williams of the Carnegie Institute Department of Physics. The season 
ended in June with an “open house” recording session. 

Other Sections were similarly engaged. To give some idea of the 
extent of Section activities, the following newsletter is reproduced in 
its entirety. 


SUBJECT: AES Section Newsletter #2 


TO: AES Sections and Board of Governors 
FROM: Donald J. Plunkett, AES President 
DATE: April 15, 1959 


Unfortunately in the last newsletter we did not have explicit infor- 
mation on the activities of our Japan Section. However we have 
just received reports on the activities of the Section for the past 
nine months. Information on two 1958 meetings indicates a July 
meeting with guest speaker, Mr. Reedy, President of Interstate 
Electronics Corp. The meeting was held at International House of 
Japan. Mr. Reedy addressed the membership on new developments 
in electronics in the United States, particularly in the field of stereo 
and transistor preamps. In October, Mr. Ralph Endersby of the 
Ampex Corp. addressed a meeting held during the 5th Audio Show, 
Tokyo, on Magnetic Tape Recording. Both members and non- 
members turned out to make this one of the most successful meet- 
ings of the year for the Japan Section. A January meeting was 
concerned primarily with organizational problems. Presiding at the 
meeting were Mr. John H. Nakamura and Mr. Warren Birkenhead. 
Mr. Birkenhead is from the United States and has been in Japan 
for several years. He was one of the leaders in the formation of 
the Japan Section. The February meeting was concerned with Stereo 
Reproduction in the Home, which seems to be a world-wide topic. 
(If there are too many conflicting opinions it may have to be re- 
ferred to the UN. But who would veto it now?) Seriously, how- 
ever, it would also be interesting to know the Russian Hi-Fi and 
stereo situation. In March, a description of a four-track stereo disc 
was made and proved to be the highlight of the demonstration and 
talk. It was not reported whether or not this 4-track tape machine 
cartridge was an American or Japanese product. It was most inter- 
esting to have these reports on the activities of the Japan Section 
and I hope their activities expand and that they keep us informed 
of their many worthwhile meetings. 

A January meeting of the Pittsburgh Section was privileged to 
present Dr. Aubrey Epstein of the University of Pittsburgh on 
“Hearing and Noise.” The meeting was highly technical, covering 
many medical aspects of hearing, a timely warning on the damage 
that can result from prolonged listening to high amplitude signals. 
(I wouldn’t reveal this information to your wives, or you will never 
hear the end of “I told you so.”) Secretary McKee also reports 
that a joint meeting with the IRE was in the formation stages. In 
March, Mr. Robert Strome of the Ampex Corp. addressed the Pitts- 
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burgh Section on “A Short Review of Improvement of Signal-to- 
Noise Ratio Obtained from a New Tape Record/Reproduce Curve.” 
The Section also voted to protest to CBS over the cancellation of 
E. Power Biggs’ Radio Program. 

The Southern Tier (N. Y.) Section has been actively serving its 
members. In January, a meeting presented Mr. A. Watson of the 
G.E. Co. in a discussion of Electrostatic Speakers. In March, Mr. 
Dirk Ross of McIntosh Lab described a Stereo Preamp (the McIntosh 
C-20). Both meetings were well attended. Business was also con- 
ducted during the March meeting with the Chairman reporting on 
the boundaries of the Section. 

The Central New York Section, neighbors of the Southern Tier 
Section, held a meeting in January presenting Mr. A. C. Angus of 
the G.E. Co. in a talk on a transistorized audio console. There was 
a dinner for the membership preceding the actual meeting which 
proved very popular. (This is a technique used by other sections 
and always seems to pull a larger audience. Perhaps it might be 
useful to other sections.) 

In March, the San Francisco Section presented a review of papers 
presented in February at the West Coast Convention held in Los 
Angeles. Participating in the program were Messrs. Russ Tinkham, 
John McKnight, Robert Acker and Vincent Salmon. 

The 11th Annual Convention of the AES will be held in New York, 
at the Hotel New Yorker, October 5 to 9. The Chairman of the 
Convention is Mr. Harry Bryant. This year Mr. Bryant has ener- 
getically assumed the operation of both Conventions. It is a tre- 
mendous job to pull a convention together, and Harry needs the 
assistance of everyone. If any member of your Section wishes to 
present a paper at the Convention this year, please have him contact 
Mr. Harry Bryant, Radio Recorders, 7000 Santa Monica Boulevard, 
Hollywood 38, California. This year we again intend to present a 
Professional Exhibit in conjunction with the Technical Papers pre- 
sentation. If any electronic manufacturer in the field of audio in 
your Section area is interested in participating in this year’s Exhibit, 
have him contact AES Exhibit Planning Committee, P. O. Box 12, 
Old Chelsea Station, New York 11, N. Y. Please look around your 
area and see if you can provide the Committee with information on 
any potential exhibitors at the AES Professional Exhibit. 

Please keep the meeting reports flowing in order to allow us to 
circulate your meeting and section activities to our fellow Section 
Chairmen and members . . . and, of course, keep those meetings going. 
Regards, 

Donatp PLunKETT, President, AES 


Report of the AES Technical Committee 
on Magnetic Recording 


This, the second report of the Committee, repeats the announce- 
ment of the formation of the AES Technical Committee on Mag- 
netic Recording. The primary function of this Committee is to 
keep the membership informed, through the pages of the JouRNAL, 
of the latest developments in the field of magnetic recording appli- 
cations to audio engineering. 

This Committee can provide this useful service to members of 
the Society only if those working in the field of magnetic recording 
contribute material on new developments to the Committee for 
publication in the Journat. The Chairman of the Committee will 
personally contact many individuals working in the field of magnetic 
recording in an effort to reach those who may not have an oppor- 
tunity to read the Journar. If you have any thoughts relative to 
the future activities of the Committee, please send them to the 
Chairman at the address given at the end of this report. 

The length of an item that is to be included as part of the Com- 
mittee’s report probably should not be more than one page of the 
JouRNAL, equivalent to about 1000 words. At the other extreme, 
the item might consist simply of a photograph or a graph with a 
single-line caption. The use of appropriate illustrations is en- 
couraged, provided that they are furnished in the form of glossy 
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photographic prints, ink drawings, or photostat copies of ink draw- 
ings. Each contributed item published as part of the report will 
include the contributor’s name and company affiliation. In addi- 
tion to the new development items, we hope to publish useful bits 
of engineering information on magnetic recording extracted from 
notebooks and reports that have not been published. An example 
of material of this type is as follows: 


DISTORTION CHARACTERISTIC OF NICKEL COBALT 


PLATING 


Several years ago a commonly used magnetic recording wire con- 
sisted of a nickel cobalt plating on a phosphor-brcnze wire base. 
The plating of 20 percent nickel and 80 percent cobalt was 0.0003 in. 
thick, and the phosphor-bronze wire base was 0.004 in. in diameter. 
These nickel cobalt platings exhibit a most unusual characteristic 
of third harmonic distortion as a function of high frequency bias 
current as shown in Fig. 1. The wire speed was 24 ips and the test 
signal frequency 400 cps. The distortion curve in Fig. 1 was 
obtained by measuring the third harmonic distortion with a wave 
analyzer for a large number of values of bias current. At each 
value of bias current the audio current was adjusted to produce 
a playback output level 12 db below the saturated output level. 
Therefore, the curve in Fig. 1 is third harmonic distortion as a func- 
tion of bias current for a constant playback output level. A similar 
distortion curve, obtained with a conventional tape head on a 
nickel cobalt plated drum, indicates that this distortion curve is 
characteristic of nickel cobalt platings independent of the shape of 
the recording medium or type of head used. 
Chairman of the AES Technical Committee on Magnetic Recording 


Watter H. Erikson 

Radio Corporation of America 
Building 10-8 

Camden 2, New Jersey 
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Fic. 1. Third harmonic distortion as a function of bias current for 
nickel cobalt plated magnetic recording wire. 
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; MARCH ! 


| 
| 1958 | 


“General Electric Company re-enters phono- 
graph product field” .* % 


! SEPT. “First carload GE phonographs shipped to 


1958 | west coast” 


a “GE phonograph product acceptance and new 
| NOW! | stereophonic sound requires expansion today 
1 and in the future” 7, x 


Immediate openings at all experience levels for audio engineers 
with BSEE degrees or equivalent. AM-FM circuit experience 
desirable. Responsibility includes the complete electronic design 
of audio amplifier and speaker systems. 


We welcome your interest. Won’t you send us a brief descrip- 
tion of your background and experience today? Address your 
correspondence to: 


Mr. R. P. Stitt 
RADIO RECEIVER DEPARTMENT 


GENERAL @@ ELECTRIC 


* 869 Broad Street, Utica, New York a 


INTERMODULATION DISTORTION 


measurements are easily made by means of 
the Measurements Model 31 Intermodulation 
Meter. This compact, self-contained instru- 
ment provides low frequency of 60 or 120 cycles, 
and high frequency of 3000 or 6000 cycles, with 
% intermodulation read directly on a meter. 


Its ease of operation has led to its use by 
many manufacturers to replace the standard 
procedure of checking audio amplifiers with 
an oscillator and a VTVM. Engineers have 
found very accurate correlation between the 
two methods, and prefer the intermodulation 
method because of savings in time and money. 
Price of the Model 31 is only $220.00. For further 
information write Measurements, Boonton, N. J. 
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Membership Information 
New members and Change of Grade 


(April 1-June 8, 1959) 


New Members 


Members 
Abiko, Kenshiro—Tokyo, Japan 
Bishop, Richard J.—Binghamton, New York 
Cahn, Bernard L.—San Francisco, California 
Colby, Chester H.—Groton, Connecticut 


Collins, Edward T.—Rockville Centre, New York 


Heard, Donald E.—Burbank, California 
Heaton, James S.—San Mateo, California 
Holtz, Robert F.—Zurich, Switzerland 
Howard, Bruce—Fort Worth, Texas 

Isberg, R. A—Menlo Park, California 

Korkes, Henry—Brooklyn, New York 
Mattern, Murle F.—Menlo Park, California 
Morgulis, Isaac A——Toronto, Ontario, Canada 
Naatz, Raymond C.—Burbank, California 
Oehding, Heinz—Toronto, Ontario, Canada 
Perfetti, Gianfranco—Milano, Italy 

Peters, Anthony—Kew Garden Hills, New York 
Ross, David—Brooklyn, New York 

Sparks, Richard W.—Las Vegas, Nevada 
Wilson, W. Paul, Jr—Sepulveda, California 


Associate Members 


Allego, Anthony B.—Ambridge, Pennsylvania 
Auth, Dale W.—Los Angeles, California 

Berman, Louis M.—La Mesa, California 

Bucci, J. Richard—Redwood City, California 
Dolby, Leman W., I1I—Pittsburgh, Pennsylvania 
Graham, Carl O.—Syracuse, New York 
Grimshaw, Richard F —Syracuse, New York 
Hanford, Eugene B.—Oakland, California 
Hatfield, Stanley R—Los Angeles, California 
Hayes, Thomas B.—Liverpool, New York 


Holdom, John D.—Burnaby, British Columbia, Canada 


Jackson, Louis M——Los Angeles, California 
Layton, Robert D—San Jacinto, California 
Lutzick, Daniel—Los Angeles, California 
Marco, Romaine L.—San Bruno, California 
Matthys, Robert J—Minneapolis, Minnesota 
Moore, Donald O.—Monterey Park, California 
Nai, Peter—New York, New York 

Nangle, Wilfrid O—Oklahoma City, Oklahoma 
Quinn, Harold E——Brooklyn, New York 


Riecke, Charles L., [V—Johns Island, South Carolina 
Ruch, Donald A.—Azusa, California 

Schuder, Donald A.—Woodland, California 

Sinder, Alfred M.—Dayton, Ohio 

Sterman, Arthur—Allison Park, Pennsylvania 

Szafir, Emil V.—Austin, Texas 

Viti, Alessandro—New York, New York 

Webster, Perry C_—Covina, California 

Wells, Ralph R.—Van Nuys, California 


Students 


Anderson, Robert L.—Baton Rouge, Louisiana 
Austin, John McChord—Pittsburgh, Pennsylvania 
Bradley, Orlando G.—Fort Wayne, Indiana 
Buhl, Hilary J.—Fort Wayne, Indiana 
Deckelman, Francis C_—Fort Wayne, Indiana 
Duron, Eduardo—Fort Wayne, Indiana 
Featheringham, Robert—Fort Wayne, Indiana 
Gervers, William J.—Cincinnati, Ohio 
Heathwood, Robert W.—College Point, New York 
Herzog, Joseph F.—Pittsburgh, Pennsylvania 
Kunz, Kenneth M.—St. Paul, Minnesota 

Mertel, Herbert K.—Fort Wayne, Indiana 
Oxman, David S.—Phoenix, Arizona 

Patterson, Joe Willie—Baton Rouge, Louisiana 
Ryan, Charles F—Brooklyn, New York 
Schwab, Joseph H.—New York, New York 
Shepherd, David A—Ozone Park, New York 
Sherrard, Blaine O—Charleston, Maine 

Snyder, John P.—Fort Wayne, Indiana 

Vilicic, Andrew F —New York, New York 
Wallace, William—New York, New York 
Williams, Raymond D.—Baton Rouge, Louisiana 


Change of Grade 
Fellow 


Miller, James A——Santa Barbara, California 
Member 
Blinn, Richard P.—Tustin, California 
Morison, Russel W.—Waterloo, New York 
Wohleking, Walter G—Baldwin, New York 
Associate Member 
Mayer, Albert I—Towson, Maryland 
Prunuske, Richard L—Menasha, Wisconsin 
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FLUXVALVE AND T-GUARD ARE TRADEMARKS USED TO DENOTE THE QUALITY OF PICKERING & COMPANY INVENTIONS, 2371 A 


Tray the finest stereo pickup ever made... 
the STANTON Stereo FLUXVALVE is 
hermetically sealed in lifetime polystyrene with 
all of the precision that has made Pickering 
a quality leader in the field of high fidelity 
for more than a dozen years. 


For instance...only the 
STANTON Stereo FLUXVALVE has the 
“‘T-GUARD” stylus assembly—so safe and easy 
to handle...so obedient and responsive 
to every musical nuance in the stereo groove. 


Only the STANTON Stereo FLUXVALVE has 
the parallel reproducing element contained in the 
“‘T-GUARD”’... assuring the proper angle of 
correspondence between recording and playback 
styli for maximum Vertical Tracking Accuracy. 
"Excluding wear and tear of the diamond stylus tip and parts 
of the related moving system in the “T-GUARD” assembly. 


Ava ... because of this the STANTON 
Stereo FLUXVALVE reproduces music 
with magnificent sound quality...from both 
stereophonic and monophonic records...with 
negligible wear on record and stylus. 


I. plain truth...the STANTON 
Stereo FLUXVALVE is by far the finest stereo 
pickup made... backed by a Lifetime Warranty*, 
assuring you a lifetime of uninterrupted, 
trouble-free performance—with a quality of 
reproduction no other pickup can equal. 


We suggest you visit your Pickering Dealer soon 
—drop in and ask for a personal demonstration. 


NEWLY REVISEO— “IT TAKES TWO TO STEREO '— ADDRESS DEPT KKK FOR YOUR FREE Cory. 


& Jar those who con\hear| the diterence ” owe evssere man easure cocouers 0° 
PICKERING 4 COMPANY, INC., Piainview, N.Y. 
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TO AUDIOPHILE 


THE BY-WORD FOR 
QUALITY 


FAIRCHILD, with thirty years of profes- 
sional equipment experience, still pioneers 
for the professional as well as the listener. 
FAIRCHILD professional equipment in- 
cludes transcription tables, arms and 
equalizers, cartridges, stereo limiter am- 
plifiers, and the Farrcuitp #641 STEREO 
CuTTER System featuring: No-compro- 
mise design, it is the first cutterhead to be 
built from the ground up to cut 45/45 
stereo disks; two units in one, it doubles 
as lateral cutter for cutting high-level, 
high-quality monophonic disks without 
changeover problem; reliability and rug- 
gedness, one-piece aluminum armature 
with high-temperature windings and im- 
pregnation eliminates burn-out; modern 
amplifier with ceramic tubes supplies high 
peak-power with minimum distortion for 
consistently higher level records; less dis- 
tortion due to feedback control over wider 
frequency range; excellent separation; 
flat frequency response to 15 kc; phase- 
shift equality between two channels 
eliminates floating stereo image; new 
feedback monitor for accurate monitor- 
ing while cutting from feedback pickups 
adjacent to stylus; easier use, RIAA 
pre-emphasis networks and variable verti- 
cal roll-off for low-frequency reduction. 
Cutterhead can be mounted on all 
popular lathes. Write direct to Fatr- 
CHILD for complete engineering data. 


Fi, 


E 


AND PROFESSIONAL eee 


, Extremely high output . . . 16.2 mv @ 7 


FAIRCHILD RECORDING EQUIPMENT CORPORATION 10-40 45th Avenue, Long Islane City 1, N. Y. 


Model SM-1 Rotating Magnet Stereo/Mono- 
phonic Cartridge. Rotating ball magnet for 
permanent channel separation; wide, smooth 
response. Complete mu-metal shielding. 
Easily replaceable 0.6 mil diamond stylus. 


cm/sec and 1 kc. Complete with install-a- 
kit screw driver and gram gauge. $34.95 
Replacement stylus assembly $15.00 


Model 282 Stereo Arm. Mass and spring 
counterbalanced for maximum tracking ac- 
curacy. Two plug-in cartridge slides provided. 
Universally adaptable contact block permits 
all leading cartridges to plug in without 
soldering. Complete with integral 6-foot plug- 
terminated leads. $42.50 


Model 412-1 Double Belt-Drive Turntable. 
33% rpm. Resilient double belts on large 
pulleys eliminate drive slippage, and keep 
rumble to a minimum of 100% better than 
the NARTB standards for professional tables. 
Speed constant +0.3%. $79.50 


FAIRCHILD is a way of sound . . . a pattern for listening 
. .. a passport to musical enjoyment. All this is yours with 
the acquisition of three pieces of fine FAIRCHILD equip- 
ment: revolutionary rotating-magnet cartridge, double 
belt-drive turntable and double counter-balanced arm. 
Engineered by the pioneer in monophonic and stereo- 
phonic recording and reproducing equipment, these three, 
either alone or in concert, will add new dimension to 
your system. They will distinguish you as a person of 
musical discernment, for FAIRCHILD up front puts your 
enjoyment way ahead. 


Write for complete specifications or consult your selected 


FAIRCHILD dealer. ee 
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Be sure to mention the JouURNAL in replying to our advertisers. 
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HARVEY 
designed this room 
for you 

THE PROFESSIONAL 


“ 
Sas Tee he yap ee ee ee 


~ 


nf ‘ae . 
™% indy al ig 


it 
Ee 
4 
rs 
7 
. 
7 


...a Showroom of audio products, and 
associated professional gear, where you can see and hear 
the finest, and latest, equipment. 


ON DISPLAY AND IN OPERATION 


ALTEC McINTOSH 

A. K. G. NAGRA 

AMPEX NEUMANN 

AUDIO INSTRUMENT PULTEC 

DAVEN RCA 
ELECTRO-VOICE SONY 

—E.M.T. ECHO CHAMBER STARBIRD BOOMS 
FAIRCHILD 


HARV EY RADIO- Come in anytime. Harvey will 
co., INC. _ be only too happy to 


3 have you check their facilities. 
103 W. 43rd Street, New York 36 * JU 2-1500 
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Be sure to mention the JoURNAL in replying to our advertisers. 


STANDARD OF EXCELLENCE... 
By Design 


AMPEX 300 SERIES Magnetic Tape Recorders—designed for master recording— 
completely dominate the professional recording industry throughout the world. By 
producing the finest monophonic and stereophonic masters, the Ampex 300 has 
earned the recognition of “standard of excellence” from this critical, exacting industry. 


In addition—the Ampex Duplicators—the only 

commercially available high speed duplicators—have become the standard 
of the industry for which they were designed. The stability of mechanical 
operation of Ampex Duplicators (which incorporate the precision mechanism 
of the Ampex 300 running at speeds up to 120 in/per/sec) permit high speed 
duplication of recorded master tapes with utmost fidelity. 


For complete information: technical, application, specification—contact 
your nearest factory-trained Ampex Master Recording Dealer... 
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CALIFORNIA DISTRICT OF CoLUMBIA NEW MEXICO TEXAS 


— SANTA FE ARLINGTON 

Me e WASHINGTON, D.C. Sanders & Associates Audio-Acoustic Equipment Company 
D te ero Street Shrader Sound Inc: ‘ated 70 West Marcy Street 130 Fairview Drive 

Kierulff Sound Modern Electronics Company 

820 West Olympic -—# a3) ILLINOIS pak, ' ice -_ 2000 Broadway 

Tia? Melrose Avenue _ ah 103 West 43rd Street (36) _ VIRGINIA 

Ralke Company, inc. Sout E eotats yo aes J Lang Electronics Incorporated RICHMOND 

829 South Flower Street lest Madison Street( 6) 507 5th Avenue (17) Radio Supply Company, Inc. 

NORTH HOLLYWOOD INDIANA Sonocraft Corporation 3302 Westbroad 

Concertmaster Sound 158 West os Sweet G8) WASHINGTON 

11548 Addison Street Radio Distrib OHIO SEATTLE 

PASADENA oe Worth Capital hopes Company COLUMBUS Electricraft, Inc. 


Electroni 1 venue 
oi GuGeks wrens = se ist Eot Long Soest) RANE 


RAMENTO 20th Ce 
Ed Wismer & Associates DES MOINES OKLAHOMA West 1021 First Avenue (18) 
i715" ‘street (14) Mastertone Recording Company OKLAHOMA CITY 
SAN FRANCISC 8101 University Avenue Trice Wholesale Electronics 
netic mies Company 800 North Hudson Street 
Market Street MARYLAND 


BALTIMORE PENNSYLVANIA AMPEX 
51 7 oe pamenh-7 E ineered Electronics, Inc. 


West Liberty Avenue (26) 


CORPORATION 


934 CHARTER STREET © REDWOOD CITY, CALIFORNIA 
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Stellavox 


MINIATURE TAPE RECORDER, 
TRANSISTORIZED, BATTERY OPERATED. 


Type SM 4 


Technical Specifications. 
Frequency response: 
Recording: + 2 db within a range of 30 — 14000 cycles 
Play back: + 3 db within a range of 60 — 14000 cycles 
Signal to noise ratio about 50 db 
Microphone imput: 
Source impedance 200 — 1000 ohms 
Voltage: 0,2 millivolt for full level record 
Reproduction: 0,3... 0,5 volts/10 ohms 
Temperature range: —12°C to +50°C 
(10,4° F to 122° F) 
Dimensions: 6 x 12 x 26cm 
(2?/e x 4’/s x 10°/s inches) 
Weight: approx. 1,8 kg (4 Ibs) 


Instrument for 


Recording level (during recording) 


©The professional portable “Lape Recorder Battery control (during play back) 


Pilot lamp for electronic speed regulator 


Electronic Applications 


184 Richmond Hill Avenue, Stamford Conn. 
in Canada, Viditon Corp. Ltd., Ottawa 
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7 AUDIO ENGINEERING SOCIETY 


P. O. Box 12, Old Chelsea Station, New York 11, N. Y. ‘a 
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Information for Convention and/or JOURNAL Authors 


SUGGESTIONS FOR PREPARING MANUSCRIPTS, PHOTOGRAPHS, CHARTS, 
DRAWINGS, AND LANTERN SLIDES; LETTERING SIZES, MAILING 


A Journal of original record. Papers orig- 
inally published elsewhere or promised for 
publication elsewhere are not accepted for 
presentation at Audio Engineering Society 
Conventions or for publication in the Jour- 
NAL OF THE AES. In rare instances, excep - 
tions may be made by the Convention and 
Publications Committees at their discretion. 

All papers presented at AES Conventions 
are automatically considered for publication 
in the JourNaAL. 

Free and clear. It is assumed that all 
manuscripts submitted to the AES are offered 
free and clear. Any paper accepted for pre- 
sentation before the Society or for publica- 
tion in the JourNAL or THE AES becomes the 
exclusive property of the Audio Engineering 
Society. Complete publication rights are held 
by the AES for primary publication in the 
JouRNAL. 

Permission to reprint—in whole or in part 
—papers originally published in the JournaL 
or THE AES is usually granted freely by the 
Publications Committee upon written request 
and provided the authors agree. 

Multiple bylines. If the paper is to have 
more than one author, the exact form of the 
byline should be indicated on the manuscript 
and will be considered correct by the AES 
as given. 

Vital data. Make sure that the first page 
of your manuscript carries your name pre- 
cisely as you would like it rendered in the 
event of publication. If your business, pro- 
fessional or academic affiliation is to be given, 
this, too, should bz included. If your posi- 
tion bears a formal title, you may include it. 

Typing the manuscript. Only one side of 
the sheet should be used. Margins should be 
at least one inch wide on each side. Triple 
spacing is preferred. 

Reviewing of the manuscript is speeded up 
considerably if several copies are submitted. 
(This is helpful but in no sense mandatory.) 
The copies may be clear carbons, mimeo- 
graphed sheets, copies made on a “spirit” 
duplicator, or blueprints. Review copies of 
diagrams, schematics, and graphs may be 
made by any convenient process. 

Abstract. The author should precede his 
text by an abstract summarizing the paper in 
general. The abstract may include a sum- 
mary of observations and conclusions set 
forth. 


Subheads. Subheadings for important sec- 
tions of the paper make it easier to read in 
printed form. 

References. References to periodical litera- 
ture should include the author’s full name, 
exact title of the article or paper cited, full 
name of the publication, volume number, 
page numbers, month, and year. Book refer- 
ences should include the author’s full name, 
full title of the book, the specific page or 
pages referred to, the publisher, place of pub- 
lication, and year of publication. References 
to patent literature should preferably be 


INSTRUCTIONS, ETC. 
given as follows: name, number of the patent 
(U. S. or foreign), date of filing, and date of 
issue. A brief description of the patent is 
helpful. 

Mathematical symbols. Care should be 
taken to make all mathematical expressions 
clear to the printer. All Greek letters and 
any unusual symbols should be identified in 
the margin. Only the very simplest formulas 
should be typewritten: all others should be 
written in carefully in ink. Do not neglect 
to give the meanings of all symbols used. 

Captions for illustrations. A caption— 
properly identified—should be supplied for 
each illustration and a legend for each chart. 
These captions should be listed—in complete 
form and consecutively—on a single sheet of 
paper. 

Photographs. All illustrative material 
needed for a particular manuscript should be 
referred to specifically in the text and should 
accompany the manuscript when it is mailed. 

Photographs and drawings should be pre- 
pared carefully to insure good reproduction. 
Photos should be standard 8 in. x 10 in. glossy 
prints. Since extremely fine detail tends to 
be obscured in all reproduction processes, it 
is often advisable to include a separate pic- 
ture—i.e., a “closeup”—of any highly signifi- 
cant detail, in addition to the general view 
which describes the overall field. 

Drawings. The reproduction copies of 
sketches, of curves, or schematics (as distin- 
guished from any review copies submitted) 
should preferably be original drawings in 
India ink on white paper or on tracing paper, 
8 in. x 11 in. Curves made on conventional 
graph paper will reproduce poorly, but black 
India ink tracings, in which only the princi- 
pal cross-section lines are rendered, are satis- 
factory. 

Sharp, high-contrast photographs of line 
drawings are acceptable. 

Please do not send black-and-white lantern 
slides or color transparencies for publication 
—only photographic prints or original draw- 
ings should be submitted. 

Lettering. On the aforementioned 8% in. 
x 11 in. sheets, lettering and numerical data 
should not be less than 0.12 in. high. Neces- 
sary labeling should be lettered onto curves 
and sketches. On the other hand if extensive 
descriptive material is needed, it is better to 
put such information into the typewritten 
captions rather than to attempt to letter the 
information onto the curve or sketch. 

Mailing. Mail one copy of your manu- 
script to the Convention Chairman. This 
copy is for scheduling and publicity pur- 
poses. Please mail all other copies of your 
manuscript to the Secretary at the Society’s 
Office. 

Mail that copy of the manuscript which is 
accompanied by the reproduction copies of 
vour illustrative material (the editor’s copy) 
flat, with plenty of stiff cardboard enclosed. 
It is advisable to mark the envelope 
“PLEASE DO NOT BEND.” 


Mailing address: Audio Engineering Society, P.O. Box 12, Old Chelsea Station, New York 11, N. Y. 


ORAL PRESENTATION OF THE PAPER 

Time allotment. The average time allowed 
for any paper, unless the author requests 
more time on his Author’s Form, is 20 
minutes. If you are nct going to deliver 
your paper in person, please supply the name 
of your alternate to the Convention Chair- 
man as early as possible. 

Special oral version. An informal version 
of approximately 20 minutes, having an air 
of spontaneity, is usually more effective than 
a rushed verbatim reading of the manuscript 
exactly as written for publication. Many 
authors, after submitting the formal full- 
length version of their paper for publication, 
prepare an informal version for their guid- 
ance during oral delivery. 

Demonstrations. Demonstrations always 
add interest. They should be set up well in 


‘advance of the particular session for which 


they are intended and tested under actual 
operating conditions. The Convention Com- 
mittee will cooperate in every way within 
its power. 

Facilities. If you expect to need a black- 
board or any special facilities (electric power, 
large table or tables, etc.) please notify the 
Convention Chairman as early as possible. 

Lantern slides. Photographs, diagrams, 
charts, and curves intended to accompany 
oral delivery should be in the form of stand- 
ard American lantern slides (314 in. x 4 in.) 
or 2 in. x 2 in. transparencies. The long 
dimension of the projected area should be 
horizontal in the standard slide, but may be 
either horizontal or vertical in the 2 in. x 
2 in. slide. 

PLEASE NOTE: Opaque projection of 
paper prints or drawings is not recommended. 
Nor can we guarantee that facilities for this 
type of projection will be provided. Because 
of the dimness of the image, opaque projec- 
tion is unsatisfactory for large audiences. 

Lettering ow lantern slides. Charts, dia- 
grams and curves from which lantern slides 
are to be made should be held within the pro- 
portions or overall dimensions of 7 in. x 10 
in., with no more than 20, and preferably 
only 15 words to a chart. Vertical Gothic 
capitals are recommended. 

For a 7 in. x 10 in. working area, the 
smallest desirable letter height is 0.14 in. 
(made with a Leroy pen 0 or Wrico pen 7). 

Recommended, too, are the following line 
widths: 

For curves—1'4 to 2 points or 0.021 
in. to 0.028 in. 

For grid rules—'% point or 0.007 in. 

For reference lines—1 point or 0.014 
in. 

Thumb marks. To indicate proper orienta- 
tion, a thumb mark should be placed in the 
lower left-hand corner of the slide, when the 
latter is viewed as it will appear projected on 
the screen. 

More complete information on lantern slide 
dimensions is given in American Standard 
Dimensions for Lantern Slides, Z38.7.19-1950 
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SUSTAINING AFFILIATES 


Grateful thanks of the Audio Engineering Society are hereby extended 
to the following organizations which, as sustaining members of the Society, 
help make this publication possible. These organizations are: 


Acoustic Researcu, INc. 
Atec LANsING CorporaTION 


AMI INcorporaTep 

Ampex Avupio, Inc., AMPEx CorporaTION 
Avpio ; 

Avni Devices, INc. 

Avupio Matrix Corporation 

B. anp C. ‘Recorpine, INc. 


Famcui_p Recorpinc EquipMENT CorPoraTION 
Harvey Rapio Company, Inc. 

Hicw Fmeuiry, Aupiocearr 

InstITUTE OF HicH Fmeviry MANUFACTURERS, INC. 
INTERNATIONAL BUSINESS MACHINES CORPORATION 
James B. Lansinc Sounn, INc. 

McINntTosH Laporatory, INc. 

MEASUREMENTS CoRPORATION 

PERMOFLUX CORPORATION 

Picxertinc & Company, INc. 

Reeves Sounp Srunios, Inc. 

Reeves SoUNDCRAFT CorPoRATION 

Rex-O-Kut Company 
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